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LETTER 

FBOir me 

HWmARY OF THK SM1THS0NIAS INSTTFOTIGN 

HL'fliiirnNti 

ffHB AKSUA1 REPORT OP THE IOJLRD OF ftEGEHTS OF THE 
INglTTITTION FOR THE YEAR ENDING JTT3TE 30, 1020 


Sm 1THHINIAX I xHTrvqnoKf 
H 7 i jA i*J /*n 7 /X 

7V> £A* £*™<7resj a/* fWW State9f 

In accordance with section 550.1 of the Revised btatutea of the 
United Stntra t I Imve the honor* in behalf of the Hoard of Regent^ 
to submit to Congress the annual report of the operations, expendi¬ 
tures. urid condition of the Smithsonian Institution for the year end¬ 
ing June 30,19"20. I hare the honor to be* 

Very respectfully s your obedient servant, 

Cii^kuis JX Wau uit. 

Secret nr tj. 
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KUAL REPORT OF THE BOARD OF REGENTS OF THE SMITHSONIAN 
INSTITUTION FOR THE TEAR ENDING JUNE 30, 1920. 


SUBJECTS, 



Annual repor| of the secretary, giving an account of the opera- 
m mid condition of the Institution for the year ending June 30. 
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thibiting the financial affairs of the Institution., including a state¬ 
ment of the Smithsonian fund, and receipts and expenditure-* for the 
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fi. Proceedings of the Boafd of Regents for the fiscal year ending 
Jpie 30. 1920. 

4. General appendix, comprising a selection of miscellaneous rne- 
oirs of interest to collaborators ami correspondents of the Infill- 
tion, teachers, and others engaged in the promotion of knowledge* 
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REPORT 


ur Tins 


SECRETARY OF THE SMITHSONIAN INSTITUTION, 



Charles D. Walcott* 

FOR THE YEAR ENDING JUNE J0L 1920. 


To th ? Board or Regents of tub Smithsonian IswrrrrioN. 

Gentlemen i I have the honor to submit herewith the annual re¬ 
port on the activities and condition of the Smithson inn Institution 
and its branches during the year ending June *30, 1020. An account 
m the affairs of the Institution itself, together with i summary of 
the Work of the several branches, are given on the first 26 pages of 
this report, while the- appendices are devoted to more detailed ac¬ 
counts of the operations during the year of the National Museum* the 
Bureau of American Ethnology* i he Inter national Exchange Service* 
the National Zoological Park* the Astrophysical Ol*servntory„ the 
■Sxull|ksonian Library, the International Catalogue of Scientific Lit¬ 
em,tore, and an account of the publications of the Institution and its 
bcatiches. 


THE SMITHSONIAN INSTITUTION, 


THE ESTABLISH WENT, 



The Smithsonian Institution wns created 3*y ad. of Congress in 
according to the terms of ibo will of James Smithson, of Eng- 
fiSid, who in 1820 bequeathed his property to the United States of 
u to found at Washington, under the name of the Smith- 
muiian Institution, an establkliiucnt for the increase and diffusion of 
knowledge among men/' In receiving the property anil accepting 
the trust Congress determined that the Federal Government was 
wfthnut authority to administer the trust directly, and therefore eon- 
s^fcted an u establish ment,” whose statutory members are the Presi¬ 
dent, the Vice Presidents the Chief Justice, and the heads of the 
Nkecutive departments,^ 
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The affairs of the Institution are administered by a Board of 
Regents whose membership consists of 11 the Vice President, the Chief 
Justice, three Members of the .Semite, amt three Members of the 
Hijuse of Representatives, together with six other persons other than 
Members of Congress, two of whom siiall Ik; resident in the city (t f 
Washington and the other four shall Inc, inhabitants of some State 
I'lit no two of them of the same State.” One of the regents, usual] v 
the Chief Justice, is elected chancellor by the board, and 11 snitn!>Jo 
P triJori is chosen bj’ them as secretary of the Institufion, who j ft 
secretary of tin- Hoar ] of Regents and the executive officer direnlv 
in charge of the Institution's activities, 

During the year Senator McdUl McCormick was appointed a regent 
to succeed Senator Hollis, whose term as Senator had expired 
Representative John A. Elston whs appointed to succeed Representu 
tive Scott Ferris. Representatives Padgett and Greene were rein ' 
pointed as regents, and, Charles F. Choate. jr,, was reelected n citizen 
regent by the Congress. Tho roll of regents at the close of the fiscal 
year was as follows: Edward T>. White. Chief Justice of the United ’ 
Stales, chancellor; Thomas It. Marshall, Vice President of t | 
United Stales: Henry Cabot Lodge, Member of the Senate- Chari * 

S, Thomas, Member of the Senate; Medill McCormick. Member of 
the Senate; Lemuel P, Padgett, Member of the House of Reore 
sen tat ives: Frank h. Greene, Member of the House of Represent., 
lives; John A. Elston, Member of the House of Rciiresentotn^' 
Alexander Graham Bell, citizen of Washington, D. C.; Georee (in V 
citizen of Delaware: Charles F. Choate, jr.. citizen -if Ma^im’ 
setts; John 0. HendereDn, citizen of Washington 1) V * H 

Missouri*^ ZCU “ f &hlTyhmd; aQd Bohert S - Broekm^, dtizen'jf 

The board held its annual meeting on December ll mo Tfl 
proceedings of that meeting, ae well as the annual financial ra^ort Zt 
*■ am * nu N.v. bwm printed „ uau , for °l 

£f ■W - *- " h, . k ”“ b noted upon „ Z,° 

i iu,-nut .re MV, curd iliulrr uppropriul. hru.is i„ ,1„. „ rwill £ 

of lde wrolorr. A iMullorl «l utluu.nl „[ dabumominte tl, T 
Government appropriations under the direction of the Ini' 
for the maintenance of the National Museum the Nation .1 7 ^l 11 '* 1 ™ 
Park, and other branches will be 

tarv in the usual manner in accordance with the J**. ? tbe secre ’ 

GENERAL CONSIDERATION'S. 

The usual routine operations of ilu, r,,,,..:. 

and diffusion of knowledge among men M were ronti” 

uilu were continued during the 
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year, uclnffing a muss of correspondence nilli individuals and scicn- 
i :jir‘ jtahlishiiH-Rts throughout the will It is becoming inerens- 
ingly difficult for the Institution with its extremely limited funds, 
in the face of greatly increased costs in every phase of its activity, 
to carry on effective work. However, in spite of the fact that the 
Institution's endowed funds have never been materially increased, it 
ha Ifeen possible in sonic measure to advance knowledge and publish 
thwesuits of scientific work, as noted in the following report on the 
year’s activities. 

I; j;; my std duty to note here the death during the JWT of Mr. 

('iiarl-t 1*. Freer, of Detroit, an irreparable loss to the art interests 
iif ti isi conn try. As stated in previous reports. -Mr* Freer presented 
his unrivaled collections of American and oriental art to the Smiths 
...Ilian Institution in 1W, and provided $Sftrt0,0no (later increased to 
Sl,(K)0&0fJ) for the erection of a suitable building to house the collec¬ 
tion. -This building is now practically completed and nearly ready 
fur rh« installation of the collections. That Mr. Freer did not live to 
see thJ fulfillment of his splendid art gift to the Nation is greatly to 
U- ivAittocL An interesting article by Miss Katharine N. Rhoades 
on thelrecent additions to the Freer Collections appeared in Art and 
A rv 3 ieolojETj Ocfcobor t 1^19* 

. In addition to allotments for the maintenance of the Smithsonian 
solar (werying station nfc Calama, Chile, several small grants for 
original research have been made from the Hodgkins fund of the 
l m fit at ion—one to Dr. L. 0. Boston, professor of physics at the 
Cniversity of Virginia, for research on the Joule-3 hutnson effect in 
various gases; another to Mr. Alexander fVetmore,of the Biological 
Survey of the Fluted States Department of Agriculture, for carrying 
on investigations of the body temperatures of hi rib; and a third to 
the Austrian Meteorological Association for the purpose of aiding in 
cunt pitting the publication of the Meteotologische Zoitschcift and 
for the support of the meteorological observatory on the Sonnblick. 
Both of these were in danger of being discontinued on account of 
lack of funds, ami their cessation would have boot a great loss to 
» i.»n riogy. 

Working also under a grant from the Hodgkins fund. Prof, Robert 
n.Boddard, of Clark College, continued his researches on a multiple- 
rhtlgc rocket for reaching great altitudes mentioned in last year’s 
n iMrt. The eadv results of his ex|»riments were published during 
tbjfyear by the institution under the title l *A Method of Reaching 
Ememe Altitudes.” in which Prof. Goddard showed that it would 
he perfectly possible by means of his new type uf high-efficiency 
rocket to send recording instruments to the hitherto unknown upper 
bjfer> of the atmosphere and to provide for their safe return, thus 
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obtaining new data of the greatest interact and scientific value to 
meteorology and solar physics* Prof. Goddard also showed that it 
was theoretically possible to send a mass of 1 pound of Hash powder 
outside the earth's attraction and to the dark surface of the new 
moon, where, on impact, the flash would be visible through tele¬ 
scopes on the earth. This interesting speculation aroused great 
popular interest throughout the country, almost to the exclusion of 
the immediately apparent scientific value of the experiment, namely, 
the exploring of the unknown upper layers of the earth's atmosphere. 
Prof. Goddard was working on the further development of hk re¬ 
searches at the close of the year. 

An important event in the art development of the country will be 
the creation of the National Gallery of Art as a separate adminU- 
tnit!vc unit under the Smithsonian Institution, to take effect at the 
first of the coming year, instead of, as at present, a division of the 
National Museum, which action is made possible through a email 
appropriation in the sundry civil bill for li)2L Mr. W. EL tlolmes, 
at present head curator of the department of anthropology in the 
Museum, will be appointed director of th* National Gallery, 

FINANCED. 

The investmoots of the Institution nrc as follows; 


Us ilit? Treasury e,f the United States under net Mori 17 
-if Ooo^ress-- -jummoo 


Oi?f SOLIDATTU lUSD^ 

American Telephone A TOfegraplt Co. 4 per cent collateral trim 

bonds. fine July 1, I92S—- - - , ■ ■ _ _—.. 15, 6S0.Q0 

Province of MntiUohn 5 par com isold dcbtttti i™, nine Apr. 1, 

1022- ™ -——— ----- t. BftlOO 

West Store Railroad Co, Kuarunteed : per cent flrit-ninrfpi&e 

bftUrt^ due Jen, ], 2361. —-— . ___„ 3T h 27fi t {XI 

Cleveland Electric illuminating Ob* flrttMDortKape 5 per cent ffold 

bonds, due Apr, 1, 103S— ---—-__ 0, 430. m 

C rd Ux I S tn tm first Liberty l«mn , -■— .. .. . . 200. 0 1 

United States second Liberty Joan.. _____ 100, 00 

United SUrtfcH* third Liberty Ionn__^__, _______ 10.130.00 

United States fourth Liberty ]oau_ -_----- 30. no 

United States Victory loan. __ _ . _ 4.341.04 

U&ltal States wiir-mvlnj» stumpy series of 101fi_ _. ]00, 00 

Brooklyn Hap Id Transit Co. 5 per rent antes, due July 1. 10*8 3,500, m 

Redeemed bouda. excess cost over par — - _ 13-L 88 


Total.-----— ---— te, sm_ 02 
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, Thtvstmi invested for earli specific fund and the manner in whicli 
hclii Mtescribed as follows: 
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Abiding (he cash available July 1,1010. $2,122.73, the total resource?, 
for the year amounted to $17ft,f)n.l3, 

The disbursements, which are described in the annual report of the 
executive committee, ttmounted to $160,606,79, leaving a balance on 
deposit with the Treasurer of the United States, in cash and in hank, 
amounting: to $13^804.34. 

The Institution was charged by Congress with the disbursement 


of the following appropriations for the year ending June 30, li>20; 

IntcrrtutjonaL jfrcclHmjpM— _____„_____ ^15, (XW> 

American E \hm — - *____ r _ _ _ _ 4* f^ 

iDtemflUawil Catalogue of KcleoUfic LLteniMin*- .**«_____ T t 300 

Antroph ynlrnl ifiiscnra inry_. ___—.-—- -__ OflO 

XflttjjcuLt Mubcoiu : 

Furniture and flxtuws,™ ______ 000 

Hefttini; and ligttfitiE _ _ __ ______ H5 

Preservation of cvllectlnos __„_ m*™*,___ IDOO.OOO 

BuLidSn^ retwlrtu_ —______ ___ io, m* 

—— ----_--„ „ 2, DOT! 

Porta*® ------,___ gc» 

HenBiij; wiuSpiwJnt. AlrmifE Building. __ 14.0(10 

NntJnrml Zoological Parte- .________ llfi.OOG 

IncmtED of cOtapetisaElon \ ladcOnllc) _____ 


T 10 ** 1 ------lEW, TIS 


Tn addition to the above there was included under the general ap¬ 
propriation for printing and binding nn allotment of $70^000 to 
cover the cost of printing and binding the Smithsonian annual report 
and rcjwrts and miscellaneous printing for the Government brandies 
of the Institution. 

RESEARCHES AND EXPLORATIONS. 

Every year the Institution sends out nr participate* in. ho far as 
its limited means will permit, expeditions for the purpose of increas¬ 
ing scientific: knowledge in various parts of the world which have 
been previously but imperfectly known to science In former years 
every continent and nearly every country on the globe has been vis¬ 
ited by Smithsonian scientific explorers, and the result has been the 
accumulation of a valuable mass of information on the people, fauna, 
flora, geology, geography, ethnology, etc,, of the various region:; 
vbited. Many of the more important results of these (expeditions 
have lieen published hv the Inst it ut ion, and thereby have the chief 
objects of the Smithsonian as laid down by its founder, “the increase 
and diffusion of knowledge among men,” been carried out. 

WhiU> the prevailing universal high costs have considerably re¬ 
duced the effectiveness of the Institution’s funds for research and 
exploration, nevertheless several expeditions were in (he field during 
the past year, and the activities of some of these are here briefly 
described. 






















BEFORT OV TKK SECRETARY 


13 


GEOLOGICAL. EXPLORATION IN THE CANADIAN ROOKIES. 

geological field work in the Canadian Rocky Mountains was c m- 
timied by your secretary during the field KWOi of 1B19, with the 
following objects in view; (!) The discovery of an unmetamor- 
pftsed, undisturbed section of the Upper Cambrian formations north 
■>fxthe Canadian Pacific Railway ; and (2) the collection of fossils 
oJdetormme the various formations and to correlate them with the 
Upper Cambrian formations elsewhere. The region selected for 
examination was the area about Glacier Luke, which was reached 
through Bow Pass, down the Mktaya Creek to the Saskatchewan 
River, und thence up to the headwaters of the Middle Fork- 

The geological section measured is of such interest that I will do- 
the it briefly. The rocks exposed in the highest cliff* of Mount 
Flrbes and Mona Peak l>elong to the great Carboniferous system of 
ro|ks of this region. Below ihi* series is a belt 1.000 feet nr more 
mBhirkncss comprising the Devonian rocks, beneath which are tho 
strata of the Sorbach formation of the Ordovician system. Under 
these again arc tho five formations of tho Upper Cambrian series, and 
tit one place near Mount Murchison is a low ridge formed of strata 
of Middli/ 1 Cambrian age. 

Special attention wa* given to the glaciers of which there are many 
fine examples in the region. Beautiful photographs of some of Ihesr 
were obtained, one showing a complete glacier from its nfivc to its 
foot A preliminary examination of the fossils in the formations 
studied correlates them with the Upper Cambrian formations of 
WisJonBiu nud Minnesota ami the Upper Cambrian section in south¬ 
ern ftdaho, and to a lesser extend with that of the central belt of 
!\*jihsylvaiiia- 

CALKONTDLOdlCAL HlUJ> WORJT, 

Two short field trip* were taken during the year by Dr, JJ. S, Bai¬ 
ler* curator of paleontology t for the purpow of securing certain 
rimens of fossils nnd rocks required for the Museum exhibition 
nes. During the previous year some excellent exhibition specimens 
art been located in southeastern Indiana, but owing to the imjxib- 
pilty of securing help to get them to a freight station- it had been 
iry to leave them. This year* conditions being the same, they 
jjire carefully wrapped in burlap and padded with u quantity of 
nnd laboriously dragged along the rails to the nearest station. 
|c same method was used in transporting to a station the specimens 
found this year ah mg a creek in the same locality, where heavy spring 
fnlihets had uncovered some richly fossilif emus layers of rock. One 
of, these specimens, a slab seveml feet in length and width* was 
»wded with impressions of dir branching fossil -cawt-i;d Hurt fa*. 
and with excellent examples of tho duns Isbell seaweed -dr- 
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thrarta, A specimen showing an assemblage of these ancient plant 

lymainn had long hcen needed in the fossil-pin nt exhibition series in 
the Museum, 

loiter in the year, Dr* Bassler proceeded to Dayton. Ohio, to pre - 
pare for shipment to Washington the largest entire American tri- 
lobue so far discovered. The triiobite was uncovered by the pick „{ 
a workman in the excavations for the Huffman conservancy dam 
0 mil® east of Dayton. Mr, Arthur E. Morgan, chief engineer of 
the Miami conservancy district, recognized the scientific value of the 
fossil animal and presented it to the Institution, where it now forms 
n most unique and instructive exhibit in the hull of invertebrate 
paleontology of the National Museum. The specimen is of special 
value since it has become the type of a new species, hotel™ braebjee 
p/ialus, described bv Dr. August F. Focrste, of Dayton. Ohio. * 

TJJE tOIliiyg-QAl^KER FIlENTa COKG0 ESItDITlU^, 

The “Collins-Garner expedition in the interests of the Smithsonian 
Institution," which had been collecting biological material in the 
French C ongo since the summer of 1918. relumed to this country 
early m 1919, but the collections resulting from the expedition were 
incorporated into the Museum scries of African material during the 
past fiscal year, Mr. C, B, W. Aschemcier. who represented the 
Institution, collected and turned over to the Museum some <2m\ 
mammals, birds, reptiles, fish®, and invertebrates, an invaluable 
addition to the Museum collections. 

the WEBBOmut African EXPiairrtoN. 

Last year it was announced that an expedition to Africa hud l>een 
organized to collect plants and uni mu Is needed bv the Museum to sun 
pkment the magnificent collections made on that continent by Col 
Ihcodore Roosevelt and other explorers. This expedition under the 

r, " f : h I V,f mi ! hsmi “ Atri “" ... 

Edmund Heller in conjunction with the Tniversid Film Manufac¬ 
turing t o. sailed on duly ll> on the steamship r;/ v of j r},, 
arriving ,n t ape Town August 13. Besides Mr. Heller, the I„W 

; W 1 ^ Mr II. C. Raven, who has in former vJlre 

made collections for the Smithsonian in Borneo. Celeb®. and other 
regions. 

In the vicinity of Cape Town. Mr. Raven was aide to collect n „h 
insects and invertebrates, and from there he went to the Addo Rush 

tr 2 d “- r f 'rr m in ”***■* —.£* 

•** to «-* p z 
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was representing the United States Department of Agriculture, left 
for flue Knfue River region, where they camped for several weeb 

After spending some weeks along the Congo, they reached Duke 
TciLgiiikvikiv, where camp was made for about a month. 1 he next 
tff any length was in Uganda, where a few days over a month 
;nt in collecting in the Bondogo Forest As the whole fore* 
in the sleeping-sieknefia area, it was necessary to get a special 
[it from the district t'cmmissioner to enter it, and the native 
Engaged by Mr, Haven had to I* examined by a doctor before 
ng the area anti again on leaving ith At the close of the year, 
inveu was at Maeindi* in Uganda, preparing to return to the 
Unftd States. 

Otoiy one shipment of material had hern received by the end of the 
year, consisting of 2Bfi mammals and binls from southern A frh-Lt. 
v. h:63i + with the remainder of the specimens still to be received from 
Mr. Kaven, will he of great value in working up the African material 
already in the Museum collections. 

At-remvuA* esi^ithjn. 

ThAmglt the continued generosity of Dr* W, L. Abbott, the Insti¬ 
tution sent Mr. Charles M. Hoy to Australia for the purpose of mb 
kuting vertebrates* especially those which are in danger of extermina¬ 
tion, As the Museum nt present contains only about 200 specimens of 
the r»unarksilj!e Australian muminal fauna, this expcditiun is of die 
!scientific importance, especially since in the future it will be 
iiupoSj-il^' to secure an adequate reprcsentaliun of the fauna owing 
to thenr rapid extermination. 

Mr. Hoy began work in Australia about the 1st of June, VJVJ. and 
bv die close of the past fcca! year one ahipniPiit had been received at 
t]u? Museum, consisting of 240 mammals and 228 birds. 1 lie follow- 
'mu passages from reports and letters received from Mr. Hoy give 
aii idea of the conditions* under which the collecting was carried on: 

Kj m were spent in the \YaadaMl*ii return (U> miles southwest of 

m. New South Wales), with the result -if but 131 tmitumals a ml 124 birds 
Auaontf the rmimnuiLa 10 jameni and 12 specif tire represented in my 

__jtlon. . _ _ . 

{The greatest n#eat working toward liie aiternilnation of the osuth-c animals la 
jM-fux ■ amet eooiHcH the ctutSe nnd aheep men h who distribute pols^l by thv «m- 
laeiL in thw effon to redne* the rabbit* TM* bus also caused or helped Co 
dl^ tbe extcnnlimttaa of some of the gronDd-lnlulMtLng bird*. Another irrent 
Kelnt in r]io brndi tlrkw which the country. Th*-** art 1 uUm lie Jih 

tttlonaily m .infer to dear out the undenrrewth and ihu. mere*** the *ns* 

TK.v ol the nuttve mammals has nppuruiUy -: rpno h further 

ji la jzesiersdJy thought, Many hTwde^ that ware plentiful only u f«w y^ra 
j ure now almost. if no*, mioffether, extinct Discus have ul*. plitfftJ a 
ust part In the exivrui[nation. The native bear died In thauastmls from a df* 
which produced a great bony growth on Ihdr head* A myetertoua dUtttUer 
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aTho spread through the ranks at the native cal, Dai yanu Hrtrrlnu,- the 
dmucadc cm aifiti jiliij-ed u jjirat part in their erte nnlnn Unn. Eren ujtilt ^nrl 
mens of Caifanu ww often tlrunwtl In by ihc family .-at 

It is dm kill dip: nn-J burnlnsf of the twusih by tlu> cattlemen dm I does die must 
in kill off the tuilmala, nod they tiro yearly reaching farther mid farther 0 wuy 
frwn the rail roads. One thing thut wan very mule. -able was the K r.- ilt i,!mn- 
ilnnee of the Introduced rats. They seem to have Jr den out or killed off pmc- 
tbully nit the native mbs, and I found them everywhere, 

ANTHROPOLOGICAL RESEABCHkh in TIIk pah 1:aht. 

l>r, Ale5 Urdlifka. turn tor of physical anthropology, National 
Museum, made an extended trip to the Fnr East in the interest of 
his researefaes tjo the origin of the American Indian and the peopling 
of eastern Asia. While in Chinn lie assisted with the organization 
of anthropological research in connection with the Pekin* Union 

Medical Colley in China. 

Dunn* this trip, which occupied over five months. Doctor Hrillicka 
visited Japan, Korea* Manchuria, northern China, and the border 
of southern Mongolia, examining the local collections as well m the 
ucUml populations. The results of the journey have contributed 
very materially to the solution of the problems for which the trip 
whs made, in addition to which it wns possible to arrange for ex¬ 
changes of material, and especially to organize a nucleus for an¬ 
thropological investigation in China* 

Doctor HrdUcka returned by way of Hawaii* where a two weeks* 
stop was made for the study of the natives and of Hawaiian problems 
in general. 

W hile ut Peking Doctor Hrdlicka consulted prominent foreigners, 
ns well as Chinese scholars, on the advisability of establishing in 
Peking, or of taking steps toward the establishment there of a 
“China Museum of Natural History” which, like the United States 
National Museum, would include the departments of geology, biol¬ 
ogy. and anthropology, and which would serve as a center for inves¬ 
tigators in these lines in China and the Far East. Before his de¬ 
parture the opportunity was given him by representatives of several 
of tlie ministries aifil other officials to make the proposal more for¬ 
mally, with the result that a committee was to be org a ni ze d for con¬ 
sideration of the project , 

IHfrAXICAI. EXFIjOEATION IN HAITI. 

Through the generosity of Dr. W. L. Abbott, for many years a 
hern factor of the Institution, it was possible to detail Mr. Emery C. 
Leonard, aid in the Division of Plants. United States National 
i lust-inn, as botanical collector to accompany Doctor Abbott to Haiti 
upon hm lust visit of exploration in that country, from February to 
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July* 1830. A collection aggregating ID,000 specimens, representing 
about 3.700 collection numbers, wos secured by Mr. Leonard in sev- 
tiral diarn etc fistic regions. This mule rial Trill prove of exceptional 
value and interest from the fact that, little botanical collecting hav¬ 
ing been done in Haiti, the (lorn is in consequence very imperfectly 
known* The field work may lw sumniiimed as follows: 


A fir ffumptettag their rmtilt tn furl au Prince, the point of arrival, Dr. 
Hffljri""! Leonard proceeded by railroad t» St, Mure, thence by native 
[Ishltii; oehooner to Donate Island, lying a short distance off tin- coast- Tliti 
iBliml, which is about an miles long from east lo west and I" mile* braid, is 
roilrtdijfot eoral formation, which decompose* to form a very rich reddish ML 
Work As ca rried on principally upun the northern nide. A low t ma i ntain range 
(arim (bo lun klHmL" of tlie Island, intersected by occasional sharp ravines, in 
wlgH-e found n very few miring*. Tin- court Lh bordered by an almost un- 
brobiuiSrlaee of nmugrovt^, buck of which Lh a belt of bare iuilluc Hut*. .Vest 
[ji>ij.JMoii Is a region of low arid fmithlllH. ft™ which the mountains rise 
r ., t W abruptly. Tbn hill# and slopes arc covered with thorny thickets, cliIcily 
of ligwinnoufl Sbndu and low trees, with cacti Interspersed, hut the upland' 

Icalled Eft Table) open In large grassy areas, with uiily scattered trees ami 
shrub#, which ft fibril Hcli pasture. About three weeks were sj^ut on the north 
side >if the Islrmd, working from Auso IJuleite and Ktrolte, and aontowhnt lutor 
ii week .« the south shore, with the small villa go of Pickney as h«M. 

The second part of the cifiliimtlon entered the region west nud snuili of 
Summit re. Access was easily gained by railroad from Pori uu Prim r to 
Elong; on the wart shore of the lake. After a week's collecting In the vicinity 
■if titan j; the party traveled by boat to fond PurlPlen. on the sou then si shore, 
anil, procuring donkeys, proceeded overland lw Mission, lb the midst of the Lu 
salle Mountains. whew ail altitude of 2,000 meters was ranched. From tills 
etevatlnj down to SXW tneiera the slopes were sparsely coveresl with pines, and. 
wfc.-re protected from lire, with dODM thicket* that sheltered a luxuriant growth 
uffeni-t- About two weeks were Urtut It* collecting In this region. 

The Ar. 1 ,] portion of the Held work was carried on lb lh* rejdoa of Furry, 
which UtH a abort dlrtanee south of Port an Prince Tim mllmRm* here were 
tnati* UlOrtlv on the wooded ridge mat of Farcy on the troll to Grande Toaraliiu. 
The reei.il Is well watered and bus a delightful climate, hat the country about 
Furry Keif bos been nl roast entirely cleared uf forests. 

i»Ubf T dan is collerted perhaps oomthlrd ore ferns, the remain! uk portion com 
-isiin-^'of nhnibs um) h^rtiftwouu plants araoBfi whkli are n conFihirrsJjlo ntltu. «-r 
of «iiS 5 C -4 LhEkd cadi. The em el I npli^iir be ef k^IbI lutenjsL 


JUlTA^nCAb EXPEDITION TO BRITISH O0IANA, 

TlLragh the cooperation of the t'nited States Department of Agri- 
eultmv. the Dray Herbarium of Hanard Univei-sity. and the New 
Vorf Botanical Garden, a trip to British Guiana was made Uy Dr. 
A. sfeitehcock, custodian of the section of gmssea, N ational Museum. 
Doctor Iliuihcxk reports: 

I left Now York October 4 and arrived At Georgetown, British Guiana, October 
visiting on the way down the islands of St Thomas, ' ro,s - st - KtttS| 
Antigua. Guadeloupe. Dominica, Martinique, Sr. Lucia, ami Barbados, On the 
marl trip In February the tataoda of Trinidad and Grenada were Malted. Col- 
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l«d«n# of graces were mode on nil tins iaUttels. In Bi-ltlul) Giilnuu a gunemi 
collection of flowering plants tins mode, a set going to oucli of tit? ccatrttwtlnii 
Institution*, 

Mr hfmlqanrters were at Georgerown, the capita] and only largs city of the 
colon). Here there Is a good toianlcal garden and u herbarium of British 
Gulauu phi n re, kiwim ns the Jemima Herbarium. Prof. j. B, Hur risen nii> 
director of science and agriculture, Is in charge uf the scientific activities uf 
the Colony nml rendered the very cdlcletit aid. 

The greater part of British Gulnnu Ik covered with virgin forest. The vast 
auYBnn&B or Venezuela ex tend Into the southern part pf Lhe colony. The tempcni 
tnn> Is high. 731* to gft*. according to the season, au.l the rainfall at George!own 
is shout tW Inebe*. The sttuh-uieiiis nre mo Inly along the coast, ami travel hi 
the Interior Is by boat along the numerous rtvenc The country for w>mo 4;>- 
rnnee bock of the coast Is low and wet. The chief Industry Is mj* mi Bing 0 f 
sugar care. The health of tho colony Is fairly good, though then? | H imidt 
malaria. 

The botanical results were very satisfactory. About U>00 nurnbe n of plants 
were col letted. Especial attention was given iu the gru.-.«-s, of which ]71 species 
are now known to grow in the eotony. 


BOTANICAL KXrLORATIOX IN OL.VCIT.Tl NATIONAL TATtK, )|ONT. 

Mr. Puti I C, Stand ley, assistant curator in the Division of Plants, 
United States National Museum, spent about 10 weeks, from July to 
September. 1919, in Glacier National Park, Mont., under the "au¬ 
thority of tbe National Park Service, for the purpose of studying the 
vegetation of the region. A large series of photographs and about 
4,000 specimens, representing over 900 species of plants, wm oh- 
tamed, which will serve as the basis of u popular illustrated account 
of the plants to be published by the Park Service, and a more com- 
plete technical paper on the flora, in process of publication bv tho 
National Museum. The zonal distribution of the plants, which is of 
extreme interest, is discussed briefly by Mr. Standley, as follows: 

Tlic Cmuiiiental Divide, which traverses tbo park, ha* a marked Influence 
upon ptant distribution. On the cast dnpet, whom? dritittnjie Is partly Into the 
Missouri River and portly intoHudson Bay. U« dura la uf ihc Rocky Mountain 
tyTic, like that of Wyoming nml Colunalo; while on the west slope, whose 
» eaniH drain into the Columbia River, the Horn is more obviously related to 
nc O the Pttclfle imM, Tlte fonaiH nbemi Liikc McDiinnld lire very deiisg 
sirnl wfie eomrjuwnl uf unusunllj Iilt^ trees. Although not ntatrly so extensive, 
nre murli like iliose of the lumiEd regions of Oregon in4 Waahliifrton + 
thl? TOEulntiiUi there nfe repni^nlMl four of the life wkib ^egqgnlfed hy 
bloEofrtsts* Ttie ironsltieu kc me is# Imlkmieil on the wpst el»p^ by small ureflir of 
ydlow'plne timber, and e&st of the \mtk Eire the pruirlos of the Bluebfoot 
IftEiiun Hi^ervntion, which extend li ls?o within tht park boundaries tdeng ^ 
stream mUvya. The plant* hero ore chiefly herbs, with n few shrubs mul they 
twloog mostly to speelos which h&w a wide dlsirlbu don over the Great Plains, 
By for the Inrgesi portion of the park is covered with the chtiracterE^l.’ yesreta 
Hon of the Outturn aom* which In the heavily forested area Above thn 
Canadian none, around Umber line <0,000 to TJS0P feet), lies a narrow belt 
helonglog to the EtidBcnian The trra here are mostly low and atuhted, 
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nnii their branches fre^nuntly lie jirystrniv unon ihp Erotjnil At>ovi? ihLa belt 
and occupying tln. k hJgbert ttposed elope*, JH** tlse Arctie-Alplnfi wac» wbo^ 1 
ircEtiltUffi L-? compost dJefiy of «n&JI bEthacoona piling with a few dwarfs! 

mosxly willows Mni^y of ttn> species of Ihla zow are widely iJlitrlbtiiisl 
Inlpltjtnc «>r ii retie retflon* of North AmerlRi, fifcd Bonw of tbm occur also Eri 
FirolliLr KttmitliiCLft Jo Europe untl Alia, 

BOTASTICAI+ EXPLORATION IX JAMAICA, 

Sir, William B. Maxim, associate curator hi the Division of Plants. 
FtijU'd States National Museum. accompanied bv Mr. E. P. Kill ip. 
aid. was detailed to field work in Jamaica in February last for the 
purpose of innkiit!; botanical collections in genera) and of securing 
fern material for use in connection with a projected volume upon 
lb** ferns of Jamaica. Over two months were spent in the island, iu- 
dndiii" a period of three weeks in the Blvto Mountain region, with 
the Cinchona Botanical Station as base. Other regions covered in- 
<'lnde Mount Diablo. Montego Bay, Mill Bank, and Seamens Valley, 
and the southern border of the peculiar •‘cockpit country ” above 
Ipswich, a wooded area of limestone " sinks," Upward of 10,m 
specimen? were collected, representing about l.iUO collection rn] iii. 
Srs. In addition to the series to be retained by the National Museum, 
pearly uniform sets of the ferns and flowering plants have been 
* distributed to the Gray Herbarium of Harvard Umverstty, tiic New 
xVork Botanical Garden, the Field Museum of Natural History, and 
the University of Iilinois, all of which contributed equally to the field 
expenses of the work. Sets of the woody plants and orchids have 
' been sent also to the Arnold Arboretum of Harvard University, and 
to Mr. Oakes Ames, respectively, in return for sim.br ■£*»•. 
The lower cryptogams of the collection are in process of ident.fica- 
tion and will be distributed shortly* 

EXFlX>nATIOXS IN SAXTO VOMEffQQ* 

, During the first three months of the fecal year Dr. W. L Abbott 
continued his scientific investigations m Santo Domingo, stopping 
at Sosua. on the north side of the island, where a Search wus made 
for certain birds needed to fill gaps m the senes already colbnted. 
i The Sumiuifi Peninsula was then explored, after which Dr. Abbott 
1 visited the islets of Saona and Catalina, off the sontWem comer 
\ of Santo Domingo, and concluded his investigations vs ith a few days 

work at Lake Enriquiilo, , 

The material collected on this trip awl the previous trjp ending 
just before the beginning of the fiscal year was varied m character, 
■ embracing the several groups of vertebrates as well as mollusks, to- 
1 ects. and plants, with a plentiful series of archeological objects from 
■aves in tlie Sumunii district. Of birds alone, 273 study skins. - i 
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alcoholics and skeletons, and 56 eggs were collected, including birds 
representing four species not hitherto possessed by the Museum and 
three or four otter species not previously known to occur „ n " t i 
island. 

IJvCTLTtBS. 


Hamilton fund lector *.—The Hamilton fund was placed under the 
administration of the Institution by the Rev. James Hamilton in 
1*75, the interest to ki used for “ leetures on scientific or useful sub. 
jCL-ts. Under the auspices of this fund an interesting lecture wan 
delivered on April IS in the auditorium of tile National Museum by 
the Rev. Charles E, Jefferson, D. IX. on “The old order and the 
iiewY in which Dr. Jefferson gave bis views as to the causes which 
iral the world into its present unsettled condition and of the solution 
af tin? problems presented. 

Lectures for thg 1 . M , f A .—At the request of Dr. W* C. Little 
field secretary of the Young Men s Christian Association. a series of 
lectures on scientific subjects written in a style to be instructive and 
entertaining to a general audience was prepared by members of the 
eiaffs of the Institution and its branches, for use in the educational 
extension work of the association. The scheme was to have these 
lecturer delivered in rotation by volunteer lecturers in mauv different 
localtiies m the United States, thereby reaching a Urge number of 
pcofde interested in keeping in touch with the advance of science 
and progress in general The lectures prepared by members of the 
Smithsonian staff were as follows: 

T)ie Kim. by C, O. A Mint 

Cave Dwell uf the New nml Ohl Wnrtils, by J, W. Fowkra. 

Tbe Primeval Lite of Ninth America, by it a. Bamler. 

A Visit to the Jtacea of Alan, by Walter 1 laugh. 

In the Land of the Groat Na tarsi Bribes, by NeJl M. j m |,L 

Tlie Pmcnws in Lnml Tramim-tailon, by <_'ar| W. Hitman 

ADilQiiEtiM r-f the Tlrble, hj I. M, Cu*muwfcz- 

Ktruap' Facta la Nature, by Austin IL Clark. 

Flying Animals, by Austin II. Clark. 

Interesting Animats and Blrtln fm™ East Africa, by Arietta n. Clark. 

Extinct Monsters of North America, by Charles w GiTuj.w 

Main inn i» of Ancte&t North America, by Janus W Giilhy 


CINCHONA BOTANICAL STATION. 

Id my report last year it was stated that negotiations had 1* 
begun with the Government of Jamaica to renew the Stnjthsanigj 
ihree-ycar lease on the Cinchona Botanical Station which was ^ 
ceded during the period of the war. This was successfully artnZ 
in January, 1&20, and the renewed lease dated from January I 
The station ,s maintained by the subscription of « ntimb ^ of ms 
tutmnb in this country for the purpose of enabling accredited in,, 
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tig.it.irs to study the rids and interesting Ibm of the region. 
.iSuLy 1 to the dose of the year the foll.^.n^ bm mists plannpd 
wZm-.tumsel** of the privies of the atal.on: M»« ; W. R. 
Mason and E- E KiUip, of the United States National [Jeri»iiiiiin, 
f 0[ an the taxonomy of ferns and flowering plants; Mr- ^ 

crick iKton, « f Pittaford, N. Y. t for collecting fungi ? Dr. J. M. 
HinmpsOtL of dhcsgow, for work on the ferns; and 1 rot ii. J- 
Dun forth, of Rutgers College, also for work on the ferns. 


KXHPSTION OF SOUTH AMEHICAK HlBTOBlClAL DOCUMENTS. 

From .Tulv 28 to August 0, 101&, there was held in the Smithsonian 
Building an exhibit ion of South American historical documents 
brought t'.i;-ther by Seuor Don Jorge M. t’orbaeho, a member of tho 
Penman Parliament and delegate to the Tan Afimrnati ( oiigiv.-v. 
The rot]notion, containing official documents signed by the Spanish 
rtmnuistadores, the viceroys ut Lima and the revolutionary lenders 
nil ring the wars for independence, was one of inestimable value and 
vv , l3 atioin at the Smithsonian for the first time in North America. 


RBSFLVttnH IN TROT I UAL AMERICA. 


Tn June 1020, the National Research Council, of which your 
et-< retary is a vice chairman, held a conference on tho project of incor- 
pu rating tin institute fur promoting research in tropical America, 
including exploration and the establishing of laboratories and re- 
l areh stations, and of effecting cooperation between th* institutions 
ii.tefested in tropical research and exploration. The meiniairship of 
,ha proposed institute was to consist of representatives (one each) 
froril institutions interested in such research, and these institutions 
, Vj .J invited by the Research Council to appoint represeotaLTre*. hut 
at the close of the year replies had uot been received. 


PUBLICATIONS. 

J’he Institution and ita bwmehts issued during the year » volume? 
ud separate pamphlets. <>f these various publications there were 
nlrihutcd a total of 148,290 copies, which includes 157 volumes ami 
finite* of Smithsonian Contributions to Knowledge, 24*44 vob 
L und separates of Smithsonian Miscellaneous Collections, 10,.'30 
Limes and separates of Smithsonian Annua Reports, 8l£l6 vol¬ 
es and separates of the various senes ot the National M^oum, 
[761 publications of the Bureau of American Ethnology, L9*« 
trial publications. 19 volumes of the Annals of the Astrophysicsl 
<■ senatory, 23 report* on the Haniman Alaska expedition, and 
reports of the American Historical Association. 


as 
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Tlifuugli its public*(ions the Institution carries out one of its 
principal objoefc, the «diffusion of knowledge” Tlu- Smithsonian 
series, accept the annual report, arc printed from Smithsonian funds 
III small editions for distribution principally to libraries and scum- 
tiQc and educational establishments throughout the world The 
annual report, containing a general appends consisting of a num . 
Ikt of articles illustrating recent advances in nearly every branch 

?, £r*> P T con ^ n!88ionHl ‘PP^prmtion in editions of 
i - 000 l ' 0 P lts f,nJ » m demand throughout the country. Tim 
Museum and Bureau of Ethnology publications are discussed in 
detail m the reports of those branches appended to this report. 

Of the Smithsonian Miscellaneous Collections, 14 ntimberi, were 
issued, among which may by mentioned 2 papers \>y vnnv ^ nt:irv 
on Jus research™ in Cumbrian geology and paleontology, a pnjHT 
sboa mg tho relations between the variations in solur radiation Ld 
in the weather, based on the work of the Smithsonian Astronlm-h ,| 
Observatory on the solat constant of radiation, and a f ot|rtll ,±*, 
edition of the Smithsonian Meteorological Tables, for which «i,™ 
is a continued demand. n thero 

AUotmttig for printing.— r me congressional allotment* f nr tic. 
priming of the Smithsonian report and the various publications 0 f 
the branches of the Institution ware practically US& 1 up at the r\nl 
of the year. I he allotments f or the coming year ending June 30 
1921, are as follows; ! 

For the Siuillieuhlan Instliuiiou: For printing ooj binding tho 
*nnn«i report* of the Btaml of Revets, with general ftpi*udi.'w 

the editions of which hJwI.1 due exceed lP.OOO enptes.,, _ 

(PrerfcM, Thu t tbe Unexpended balance of the appropriation of W 

?l(l,0TO nude tor this purpose la the sundry dvil net approved 
July 1, 101S. Is hereby- wapprepriMe* n nd mn de available duritm 

the fisciij jwf J02H _..... _ ____ 

For the annual n-jwroi of the National Mmemn. with senentl apr*^ 

“***> ilnA fl "* prlutlit^ labels and blank* and for the bulletin* lm ,| 
proceeding of ihe N'iiiinnn .1 Mnsenni, the editions of which shall 
oot osceed 1.000 copies. n U[ | blading l u tuilf ujorocre or mn 
lerin t not more oxpenttfre, sdeottlte hooka and pamphlet* prtsentaj 
to or n,tYjulrEH(i bjr the Xatienuil 5Ju^um library. 

For the aim an l n-pwi* and btdleUiw of the Buremi of Aniorlaiii Kth" 
m-lojty and for hjIsouIIjiijliuis printing and binding for Hie bureau 
Fnr mlacftllAnfftiis ]irlnHnp :( nd bEDdlcg: 

Im^rmitloihil R3cdumge»_ _______ __ 

Inlenutloudt Catitogue uf SefeltiiGc Utmture_, 

NiitStmn] ZoologlLitl purk __ _ __ _ ” — 

AstPophjfiSiia Oltservatory ____ 

Fur the annual report of the American HUtorteM 

OOITMITTEE UJf mUKTIXO A3fU t'tTHLICATIOX. 

The function of the Smithsonian advkorv 
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by the Institution or its branches. During the year 10 meetings wore 
held mifl 03 manuscripts were passed upon. The membership of the 
committee is os follows: Dr. Leonhard Stojneger, head curator of 
biology, National Museum, chairman; Dr. George P. Merrill, head 
curator of geology, Katioui! Museum: Dr. ,T, IValter bewkes. chief. 
Bureau of American Ethnology; Mr- N. Hollister, superintendent. 
National Zoological Park: and Mr. W. P. True, editor of the Smith- 
sola inn Institution, secretary* 

LIBRAiEW 

The Smithsonian library received during the year volumes 
and pamphlets, distributed as follows: To the Smithsonian deposit 
in the library of Congress, 4,010; t« the Smithsonian office. Astro- 
physical Observatory, nnd National Zoological Park libraries, 428 ; 
and to the National Museum library, 

Continued use of the library's collection of works on aeronautics 
has been made by students of aeronautics, both of the Doited States 
and of foreign countries. Forty titles were added to the col lection 
during the year. In the De Peyster collection, author cards Have 
licon made for the Napoleon scries and for the works on British, Ger¬ 
man, and I tali mi history. 

The work of the library has suffered from the fact that the appro¬ 
priation for binding has not kept pace with the greatly increased 
cost. This has reduced the number of books bound during the year 
to 737, n3 compared with 1,322 in 1918 and l,i l) b in 191ii. 

NATIONAL MUSEUM. 

The congressional appropriation For the maintenance of the 
Museum has remained practically the same for many years, am I a-i a 
result of the great increase, both in size and importance, of the 
collections, not only has It been impossible to undertake desirable 
new lines of work, but also existing work has been greatly hamperet 
by the necessity nf curving the strictest economy. The two most 
serious handicaps to the Museum in extending its useful ness to the 
people of the country are lack of space for proper exhibition of its 
valuable collections and an insufficient staff of expert curators. This 
Inst has in several rases necessitated grouping wholly unlike divi¬ 
sions under one curator, with the result that the sections in which 
there is no specialist in charge must remain practically at a stand¬ 
still. 

In June, 1990, a small crmgressitin*! appropriation mude possible 
the eatabliBhmeTit of the National finitely of Art sis an independent 
bureau under the iidmitiMration nf the Smithsonian tut5rpn t in- 

stead of being as previously a part nf the Museum* the change to take 
effect on July 1* 1920, Mr* W. H. Holmes* head curator of the 
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department of anthropology in the Museum, will become director of 
the National Gallery at the twig inning of the year, 

llie Freer Gallery of Art uns brought nearly to completion dur¬ 
ing the year, and arrange menu were made with the Office of Public 
Buildings and Grounds for the construction of driveways and the 
improvement of the grounds around the building. Tha collections 
have begun to come in from the executors of Mr. Freer s estate and 
are being stored in the building until the installation can tie begun. 

During the past year the Museum acquired a total of 210,871 spec!- 
mens, classified as follows: Anthropology, 15,254; zoology, 101A54: 
litany, 35,211: geology and mineralogy, 22.4<hi; paleontology, 4o'oGO? 
division of textiles, 1,716; mineral technology, 627; mechanical tech¬ 
nology, 97; and National Gallery of Art, 12. Four hundred and 
ninety-live lots of material were sent to the Museum for examination 
and report by members of the stuff. and 4.:un> duplicate -jieeimens 
were distributed for educational purposes. 

'Fhe great mass of material for the Museum's collection of objects 
relating to the World War filled the space allotted to it in the Arts 
end Industries Building and overflowed into the Natural History 
Building and the Aircraft Building. This great collection, made pos¬ 
sible through the hearty cooperation of the War and Navy Depart¬ 
ments. contains material relating to practically every phase of tlie 
war. hath on land and sen. The Navy furnished much interesting 
mate rial relating to submarine warfare and other naval activities 
during the war, and the War Department assembled and deposited in 
the Museum exhibits illustrating military operations in every hranrh 
of the service, including the Air Service, Ordnance. Chemical Wur- 
fnre. Quartermaster, Engineer. Medical, nml Signal Corps. A full 
account of this valuable and instructive collection is given in the re¬ 
port of the administrative assistant id charge of the Museum in an 
pppendix to this report. 

Additions to the collections in the division of history include 2*6 
complete uniforms of the types worn in the United States A rim 
1776 to 1000; miscellaneous scientific apparatus used bv JWrh 
Henry (1700-1878) during the latter part of his life, the gift of his 
daughter. Miss Caroline Henry; watches owned bv Maj. (Gen. Georue 
B. McClellan. United States Army; swords and other military „,i;„ 
of Mnj. Gen. John It. Brooke, United States Army? and many othe 
objects of historical interest and value, " 

In anthropology the most noteworthy accessions were some v-du 
able ethnological material collected during the period of military 
nipuncy of the Philippines; collections m« 5 !e bv members of the'steff 
of the Bureau of American Ethnology, and transferred to tlw M» 
semn: and a collection of nearly a hundred objects of Christian '.Jj 
B uddhist religious art in wood, copper, bronze, and silver d 
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The department of biology showed very gratifying results both in 
number nf specimens ami in the scientific importance of the nmtenol 
received. Through the liberality of Mr. B, H, Swales, no less than 
103 species of birds new to the Museum's collections were [ ' l!| ong (he 
wax’* m-ewn* and, with the continued assistance of Dr. - U Ab¬ 
bott, 240 mammals and 228 birds from Australia were received u» a 
first installment of a collection being made there by Mr. Charles M. 
riov. A large number of specimens were received during the year 
as ' a remit of the Conins-(hirner 1?tench Congo expedition. The 
divisions nf insects and tnollusks received important additions, ami 
the botanical material .mfomd during the year included valuable 

collections from oil over the world. 

In geology there was a decided increase over the previous year, 
both in number of specimens and in their scientific value, indue mg 
many thousands of specimens of minerals and invertebrate _ 
received from the United States Geological Survey. The collection 
of gems wag overhauled and rewdghud, and it hn.ny.orm- an t a u 
logue of them prepared, which wus in press nt the clow of the yea ■ 
One hundred sets of M specimens each of ores and minerals tor <iib- 

iribution to schools were prepared. 

The divisions of textiles end mineral techuotofry received impor¬ 
tant additions, and the division of mechanical te< moogy was 
lirclv rearranged during the year in accordance u u i a no w pa 
making the exhibits more instructive to visitors. 

The usual large number ->f meetings and lectures were held ra he 

auditorium of the Natural Hiftory Building. U lt ^ ' ‘ , 

meeting of the National Academy qf Scares. The total nmntaro 
vititors during the rear at the Natural History Buddingwn, ■ A>.cs I 

3u?2r21r5 wh hn mm »■ M ".r" 

library received during the year 1,9*3 volumes and 1-* ■Wg®**' 
bringing the total number up to 60,817 volumes and ^ ; 
phlets. The publications of the Museum 

and 33 separate papers of the Proceedings, Bui e ins^ • ( - _ * 

108. and * small edition of 103; volume '21 of Contributions from 
the National Herbarium, and the annual report for lflfl. 

BUREAU OF AMERICAN ETHNOLOGY, 

The purpose of the Bureau of American Ethnology* is to contribute 
to our knowledge of racial culture and advance om appmiati < 
rack! accomplishment with respect to the American _ 

the natives of the Hawaiian Islands. Inasmuch as the muter.al frnm 
which we may secure this knowledge is rapidly disappearing or bung 
absorbed into modern life, it is urgent that the bureau ‘ "'J . 

tensive work among the American Indians to preserrr or po. 
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the unwritten literature, languages, customs, nnd material culture of 
these most interesting - people. The results of these researches are 
published by the bureau, and its policy with regard to publications 
is that they should be of such a nature that they may be studied with 
profit by all intelligent persons and not so technical as to be of value 
only to a few specialists. 

Among researches along special lines conducted by the staff of the 
bureau may be mentioned the study of the various fibers and hauls 
used by the Indiana with the view of discovering a possible adapta¬ 
tion of some of these aboriginal resources to the use of the white mam 
A series of researches and publications on the habitat ions of the In¬ 
dian has been inaugurated irt order that they might be better known 
and an accurate knowledge of them disseminated. Researches on the 
music of the Indians have lieen carried on with gratifying results, 
the themes having been incorporated in certain rases l>v modern 
musicians in their compositions. In cooperation with the National 
Park Service the bureau is engaged in the excavation kn j repair for 
permanent preservation of prehistoric ruins and rliff dwellings of 
the Indians in the national parks and other Government reservations 
such as the Mesa Verde in Colorado. These reclaimed Indian dwell¬ 
ings and other structures have proved tn be of the greatest educa¬ 
tional value and popular interest. During the past year the bureau 
excavated and repaired two of these prehistoric structures on the 
Mesa Verde, known as Square Tower House and Pointed House 
which have already cast considerable light on the ethnological prob¬ 
lems of the region. 

Work was continued by members of the staff during the year on 
various publications in varying degrees of completion from" manu¬ 
script to final proof, rtnd in addition field work was carried on 
among the Oneida Indians, the Seneca, the Tanoan and Kiowan, the 
Fox, the Pawnee, the Pajuign, the Apache, and other tribes. Also 
a number of archeological researches were conducted, especially in 
Texas and in the emitjiwestern Stutes, 

One annual report and 4 bulletins were issued during the year 
while 14 publications were in press in various stages of completion’ 
The library of the bureau, to which m books were added dmiuo 
the year, now numbers over 23.000 volumes and 14,000 pamphlet ** 


I NTERX ATI ON AL EX CIIA NGES. 

The number of packages handled during the year by the Interna 
tional Exchange Service was 369,372, weighing 400.378 pounds 
increase of U3.5I2 packages and 204.400 pounds in weight over 
piling year. This large increase is due to the foot that s h „ 
ments have been resumed to several countries with which relation 
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Irere suspended during the- wnr Nevertheless the number of park¬ 
as handled exceeded by over %IflOa the total during 1014, the Let 
fenr Ijefore the World nr. 

Shipments are still suspended to certain countries where internal 
Diiditiims are unsettled or with whom peace trestles have not yet 
m ratified by the United States. An exchange of publications 
\m£ been inaugurated with the Czechoslovak Itejiuhlic* mid, as soon 
conditions warrant, it m expected to take the same step with the 
'dish Government, The prompt dispatch of foreign exchanges was 
[insiderabiy hampered at times during the yeni 1 by freight em- 
irgocs and marine strikes* Later, however* the official character of 
tie exchange shipments put them among I he classes of freight ex- 
ra.pl from the embargoes. 

The Exchange Service continues to he of iifc in securing for es¬ 
tablishments in other countries collections of scientific or other docu¬ 
ments in this country. As an inslanco of this service, con side raid e 
material bearing on Ajdfirkan universities and on the methods of 
'government in American municipalities was collected and forwarded 
to the counselor in charge of foreign relations of the municipality 
of Prague* at his request 

For transmission to foreign countries there were received djinng 
the year 56 full sets of United States official publications and 37 par¬ 
tial wL% In exchange for which this country receives the offing 
I publications of these various countries, Two new depositories to 
eraive the official documents were added during lhe year, Cxeclio- 
slnvakia to exchange full sets and the State of Itio dc Janeiro. 
Brazil* partial sets. 

NATIONAL ZOOLOGICAL PAttK. 

The congressional appropriation for the maintenance of the Na- 
[tinnnl Zoological Park was the sime for the 1™*1 year for 
ftbe preceding year, and with the constantly increasing cost of pruc- 
Itically all supplies used at the park it was impossible to spend more 
than a srniall part nf the amount for repairs and imp rove inenL- 
Only the mnsi urgent of the needed improvements were completed, 
them a public-comfort station at the Harvard Street entrance; 
new inclosures of iron framework covered with heavy mesh wire 
for strictly outdoor animals* such ns pumas* leopards, lynxes* and 
btkers; and some necessary minor impTovemants, such as new con- 
Fete steps, drainage gutters* and new fences. 

Popular interest in the park continues to increase* the total number 
sf visitors during the year being 2^29,605, the largest yearly attend* 
rice ever recorded* The educational value of the zoological collec- 
42S0B B —22—3 
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tbn is emphasized bv the fact that t)$ schools and das** comprising 
ab()Ut QJHMI individuals. visited tlao part during the year* 

The number of animals in the collection nt the dues of the year 
was 1,427, representing m species. Of this total, 4fHj wore mum- 

mais, H47 birds, and 84 reptiles. While this number is 104.ter the 

rev-jrd year, nevertheless the monetary ami scientific ruble of the ,-<>] 
lection is much greater than over before. Specially interesting 
iinnmg the 127animals presented to the park during the year were a 
number of m-cessinns from South America, indndfog the rare him k* 
headed ouakari monkey, two snowy egret*, a scarlet ibis. « apevim on 
of the rare mufamala turtle, a white-bucked trumpeter, the most im¬ 
portant addition to the bird depart merit during tin? year, a Mexican 
kinkujou. and other rare South American species. The most ; IJ(or 
csting among the animals bom iu the park is » hippopotami*. which 
«ttr;tcl!i rimrli attention from visitors* 

It is gratifying to be able to report that the sundry civil urt for 
1621 carries an appropriation of $80,060 for the purchase of a f L ( . n u 
ageof 025 feet, on Connecticut Avenue, which will enable thr park to 
have n dignified approach at ihi H important entrance without tho 
danger of encroachment by private dwellings or other budding* 
Among the important needs of the park the a it [printer.dent mentions 
in tin appendix to this report, a suitable public restaurant for the 
increasing number of visitors, the purchase of a narrow strip of l-m, I 
between the park boundary and Adams Mill Road near the ...uth- 
enstem entrance, outdoor inclosures for lions, tigers. and certain 
other animals, and increased compensation for certain of the em¬ 
ployees, particularly keepers and policemen. 

A STR (^PHYSICAL OBS OVA TORY. 


The work of the observatory at Washington consisted largely nf 
preparation of tables of results for publication in Volume IV of ih* 
Annuls nf the Astropbysical Obeervatory, and of reducing the join 
observations made at Mount Mu Ison and comparing them with fJin4a 
obtained by the Smithsonian observers in Chile, The irereom t - 7 
tween the two sets of resets, after blowing for systematic ,,-rora 
was excellent, the average deviation of the two stations f„ r w 
obtained on corresponding days being only 0.013 oniony w n rT 
cent. A remarkable confirmation of the variation of *oh, ^ 
on the earth was given by photo-electric observations on 1 1 ' ^ l °" 
^atum by T>r- Onthnick.of the Berlm Rubelsberg Cl**™ ' P v 
nations ill brightness of rhut planet were shown which w*, ?' 7*' 
be in almost exact correlation with variation* of the solar ^1— *“ 
on the earth as observed «t Calamii. Chile This com *? tlon 

cates that tho variation of the solar radiation is due tTra'" }jf' 
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the bun of imeqiiLil brightness, which, rotating with the sun* t-irike 
the various phmcts successively in the order of their toogfoide^ 

| and fell one after I he other upon the varth us tlie sun by rotation 
brings them into line with us* 

A new instrument for measuring nocturnal radiation, devised by 
Messrs. Abltt>t and Aldrich and constructed at the ol^rvatory in¬ 
strument shop, was successfully tried during the year. It is provi- 
uionuliy culled the 11 honeycomb pyrimolncter,” The instrument is 
almost us sensitive its a fin t blackened strip and, moreover, bus the 
valuable property of being fully absorbing;, which a. strip has not. 
It is an instrument of great promise for standard measurements of 
various kinds of radiation. 

Through the generosity of Mr, John A* Roebling* of New Jersey, 
it was made possible to move the Smithsonian observing station pre¬ 
viously located on the plain near 1'alamo* Chile, to n near-by moun¬ 
tain above the interference of dust and smoke- M ith the remainder 
of Mr. RrtffhlmgV grant it is proposed to establish a new observing 
station on the Hvrqua Hik Mountain, in Arizona, one of the most 
el our I less region** in the world. The establi sh meri t of the^e two sta¬ 
tions so widely separated from one another will make it possible 
to obtain nearly every day in the year check observations of the solar 
constant of radialion* laying a firm foundation of solar observa¬ 
tions fmm which meteorologists will bo able to determine whether 
the variations in the stm are of value, as present results indicate, in 
forecasting weather cimditiona, However, with the limited funds at 
Ids disposal, Doctor Abbot found it necessary to transfer apparatus 
from the Mount Wilson station to the new Bflrtpia Hula station, and 
be urges in his report that Congress appropriate sufficient money to 
provide for independent observing equipment for both stations and 
for needed improvements to the Arizona station, 

I XT EK N ATI OX A L CAT A LOG CE OF SCI EXTIFIC 

literature. 


The United Stated Regional Bureau of H* International Cntalopie 
if Scientific Literature is intrusted with the duty of vnlleeii-if'. in¬ 
kling, and classifying title, of all «icntific popenpabliebed in 
lie United States to form part of the International Catalogue issued 
a central bureau in Tendon. H , 

The enterprise was begun in 1800. ™d P^hed “ ™ ! ‘ 

Imes up to 1*13. Fifteen volumes for the year 1914 have been 
•rioted! ami tnoeh of the material for the :fifteenth ™o « now m 
he hands of the central bareau. its publication being delayod h, 
inancial itifiicnllies brought alweit by the w aj. - «n 
wen called by the Royal Society in Lomlou. September .8 neat. I„ 
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consider ihe future of the catslopic and to <)iscng$ mcaas for niwit* 
mg'this financial deficit. 

Tfie aim and purpose of the International Catalogue was to meet 
the demands of scientific workers for an annual authors' and! suhject 
catalogue to the currant literatim; of science, A general revision of 
the classification schedules which form the hey to the subject cniti- 
logiics is now needed and, in view of the present apparent demand 
for abstract journals, it is to be hoped that when these improvement 
are considered arrangements may lw made to cooperate with the 
bodies now preparing and publishing abstracts to scientific 
litemtim?. 

It would seem that the pressing demand for such abstract journals, 
now evident in the 1 tiited States, should be recognized internation- 
This institution would,, therefore, favor any feasible plan to 
bring the present influential organization of the International Cata¬ 
logue of Scientific Literature, already recognized and supported by 
practically all the countries of the world, into dose cooperation with 
existing abstract journals and to encourage the establishment of 
abstract journals covering those branches of science not already 
represented, 

NECROLOGY, 

STEPHEN C, UHOVTV. 

Stephen C. Brown, who for more than 4fl years had held the posi¬ 
tion of registrar of the National Museum, died cm July It. If'lfi, At 
a meeting of his associates in tlie Smitlisonian and Museum, held ihu 
following day, many of Mr. Brown’s friends expressed the high 
esteem Rnd admiration in which he had been held and their sorrow at 
his loss, 

U. LUTIlXft nv.Vft . 

R, Luther Reed, an employee of the Institution since 1S80, died on 
April 26, 1020. lie was foreman of the Museum carpenter shop until 
the Zoological Park was established, where he served until binu«ht 
buck to the Institution by Secretary Langley to work on his iera 
drome*. Mr. Langley has expressed in his publications his np r >rn. 
ciation of Mr. Bead's skill and efficient service in that connection 

Respectfully submitted. 

Cmaei.es D. Walcott, Secretory, 


APPENDIX 1* 


RE POUT ON THE UNITED STATES NATIONAL MUSEUM. 

Sie: I have the honor to submit the following report on the operu- 
tions of the United States National Museum during the fiscal year 
ending June 30, lim 

The year witnessed very Jit tie change in the organization of die 
l niter) Stat m National Museum* The congressional appropriations* 
for the maintenance of the Museum remaining practically stationary 
for many years has not only prevented Lhe Museum from engaging 
b new lines of work offering exceptional opportunities at this time 
hut has allowed it to carry forward existing work only by the um 
of the strictest economy. The Museum bus been unable to add even 
a fen of the experts needed to nflslst in the eksrification of specimens 
the iv^ccntly organized department of arts and industries as well 
as in ihe long-established natural history departments, nor has it been 
R t'ie to make any general advancement of salaries though greatly 
needed. The itisullieiency of funds precludes separate staff officers 
f°r the various sections or divisions of the work, these various activi¬ 
ties having of necessity to be placed under fchuEse curators in other 
lines best qualified to also handle the subjects. Thus, fur instance, 
for administrative purposes only, the division of medicine and the 
Efrtinci of wood technology are under the general super fusion of Mr. 
I"' L, Lewton, who is the curator of textiles* and I>i\ \\ alter Hough* 
curator of ethnology, has general oversight of various other collec¬ 
tions where there Is no paid staff? especial It the art textiles, ceramics, 
^Hiaical instruments, and the period cost nine col Ice tions. I his nr- 
^ugement is far from ideal, but it holds collections together until 
^^us are available for the needed additional experts The item for 
preservation of collections, from which the scientific and clerical 
the watch and cleaning force, freight and enrtage. and pre¬ 
servatives are paid, was last increased 10 yefltrs ago. just as the Mu- 
was taking jx^ession of the Natural History Building. Since 
approximately 3,«K>/W0 specimens have been added to the 
Museum. 

Af ^r tlie death of Mr. S. C. Brown the position of registrar of 
L!.'" Museum was abolished and a reorgsoization of the wcm k mu c. 

Ijl records relating to accessions. material for examination and 
^Port, and to distribution of specimens were transferred to the mnre 
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of correspondence mid documents, where the files of the Museum me 
kept, and the duties of shipping clerk were combined with those of 
property derk. 

The collections of echtnoderms were removed from the division of 
marine invertebrates, u separate division of echinodeims being es¬ 
tablished and Mr. Austin J l. Clerk promoted from assistant curator 
of murine invertebrates to curator of ©chinodeims and placed in 
dimge. As lie had devoted much time to the ouyehophows, thev 
were included in the new division. At the close of the year the 
division of graphic arts was transferred from the department of 
anthropology to that of arts and industries. 

The sundry civil bill for 1921 carries a small appropriation for 
the National Gallery of Art. For economic reasons die gallery has 
up to now been administered as an integral part of the Museum, the 
Scientific and administrative staffs of which have cured for the gal 
lery in addition to their own regular Museum duties. This appro¬ 
priation will permit of the gallery living separated from the Museum 
on July 1, 1990, and organized as an independent bureau under the 
Smithsonian Institution, and to it will he transferred the g w avt 
collections of the Museum which have heretofore been administered 
under the curator of the National Gallery of Art. The gallery will 
for the present, however, continue to he housed in the Natural 11; 
tory Building of the Museum. ' 

Tile year has witnessed the bringing together here of ) nr ge WaT 
collections, made possible by the hearty cooperation „f the War tn J 
Navy Departments. Besides supplying the objects, they transported 
them without cost to the Museum, set them up in the Museum build 
mgs. and in many instances detailed officers and men to asshi j n 
labeling and otherwise preparing them for exhibition. 


collections. 


The total number of specimens acquired by the Museum during 
the year was approximately 2U3,ft71. Served in lM separate ■ ? 
cessions, they were rias,hied and assigned as follows; Depart^ 0 J 
anthropology, Wm- zoology, 101,554; botany, 35^11; and 

mineralogy-, estimated, 22M>; paleontology, ratimated', J? 

tiles woods, mod (ernes, foods, and other miscellaneous animal Si 

w»SSli lw *** McBj in the *•«- «n8S! 

Material to the extent of 4b5 lote was received f, .» ... ■ , 

ti.,n an,I report. Whiln this free identiBootion 
ton, nil partn of til, oouotrr nnptrcn «Lid,rebl, tirnc ™ ,1™,™ 
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Of specialists* it is not without julvantage to the Museum in furnish¬ 
ing occasional desirable specimens and in recording new localities. 

The distribution of duplicates for education id purposes* mainly 
I to schools and colleges, aggregated 4^WG specimens. 

Material sent out to specialists for study on behalf of the Museum 
I amounted to 13,833 specimens, mainly biological. 

War f olh'.rimnit. —Through cooperation of the Navy and the War 
I Departments, the stream of material reaching the Museum Ulus* 
I trativeof the World War filled the quarters assigned to the division 
I of history in the Arts and Industries Building, overflowing into- the 
Natural History Building and the Aircraft Building* 

Prior to July, 1 tUfi, very little material had been received ill us- 
| tmteng the work of the Navy during the World War, with the ex- 
I cep turn of some uniforms of the Marine Corps ami the insignia of 
I its various branched At that lime It was derided to assign the rn- 
I tunda of tin- Natural History Building fur this purpose, and Lieut. 
I Commander L. V. Warren was designated on the part of the Navy 
f department to take charge of this work. A number of exhibits were 
I received during the year, the most important of which are a para¬ 
vane* which is a device attached to battleships for the purpose of de¬ 
stroying mines; an anti-aircraft gnu and a Y depth charge gun for 
I destruction of submarines; n collection of British naval airplane 
I bombs, a largo number of relics from the sunken battleship Mmm T a 
st i hpound gun, a German torpedo 10 feet long, it Davis gun for air* 
planes, a naval range finder* and the large 6-inch naval gun which 
I fired America's first shot in the World W ar. Owing to its great 
weight this gun was placed on the east driveway, where it makes a 
llu »st impressive exhibit* 

The Wax Department continued its generous cooperation by con¬ 
tributing material il lustra ting the military activities of the United 
States, the Allies* and the enemy countries in the following branches: 
Air Sendee, Ordnance* Chemical Warfare* QaaTtermOfiter, Engineer* 
I Medical, and Signal Corps. The material w as selected especially for 
[ the Museum with a view to illustrating graphically the military his- 
| tory of the war for the benefit of the public and for historical and 
I scientific research* 

T tom the Air Service raine military airplanes showing types of 
machines used by the United States, France, and Germany, including 
n l>o ItuvilamM* tractor biplane of type originally developed by 
England, and later adopted by the United States for observation and 
day limbing purposes; a Le Fere tractor biplane of type developed 
by the United States Air Service during the war fur fighting pur- 
| poses: a Martin bomber, twin tractor biplane of type developed by 
United States Air Service for bombardment purposes; a Spad. XVI, 
tractor hi piano of type developed and used by French for rccon* 
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Jkuissstncv purposes; another Spad, XIII, tractor biplane of type IK 
developed and used by 1’ranee (this airplane, which was part of the 
1 wenty-second Aero Squadron* Air Service, Americiin Expedition¬ 
ary Forces, has seven victories to its credit, and is of the same typo 
as those with which the famous French flyers Fonch and Guynemer 
and the American flyer Itickenbacker made u groat part of llieir 
records) : and a Fokk*r ( TJ—VII, tractor biplane developed and used 
by tbe German air service for pursuit purposes. This plane was cap¬ 
tured at Verdun by Capt. 11, McLannhan and Lieut*. K, Curtis and S, 


Sewnll, of the First Pursuit Group, Ninety-fifth Aero Squadron, 
1 nited States Army', ('apt. J. Mitchell commanding. 

The On hisii u-e Depart men t and the Quartermaster Corps supplied 
ordnance equipment of the type used by the various armies for 
offensive and defensive purposes, small arms of type used bv llie 
United States during the war, rides, pistols, and swords illustrating 
the types of weapons used during tlu> World War by the various 
armies, including the rifles used by the armies of Austria, Belgium, 
England. France, Japan, Italy, Germany, Russia, Roumania, mid 
Serbia, Of more thou passing interest were specimen.- of silk car¬ 
tridge cloth used by the United States Army for powder bags for 
loading the large guns and samples of the same material adapted for 
civiliEiu use. 


Of enemy material the Ordinance Department transmitted a large 
and interesting collection of Gorman and Austrian equipment cap¬ 
tured by the American F.x]>editianaty Force* This included Geld, 
machine, anti-aircraft, and anti-tank guns; Held kitchen; various 
other vehicles, und miscellaneous commissary, infantry, artillery, 
cavalry, and signal equipment, some made of paper. 

From the Chemical Warfare .Service come offensive and defensive 
equipment used in the chemical warfare by both the armies of the 
allied and enemy countries, including shells, bombs, projectiles, smoke 
producers, masks, special clothing, and alarm; in each cose also nearly 
complete series showing the development of such objects from their 
otirlifeit form tu tile most recent. 

The Corps of Engineers contributed a collection illustrating the 
important part played in modern warfare by that branch of die 
Army, including eswuples of tools and small equipment and „f the 
large instruments peculiar to the work of the corps which So „ reilt | 
aided m winning the war. Particularly interesting tn tt pam p 1(J |f c 
listening device ; sound and flash ranging sets for locating the nasi 
tion of enemy batteries; examples of the high-intensity electric ate 
and the open-type searchlights * models showing the use 0 f ( ,, m , niJ 
flage material in trench warfare with dummy silhouettes of soldi^ 
to draw maduiie-guii lire; representation of standard type trandi 
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and shelier-cnve chamber; mndets of bridges, pontoon boats, and. 
era jjruiis, and a cammill aged-gun position. 

Other contributions, through the Quartermaster Corps, added uni* 
forms and insignia fully representing the uniform and individual 
personal equipment worn by officers and enlisted men of the fol¬ 
lowing countries and ths colonial possessions of each: Belgium, 
Franco, Crreat Britain, Italy, Japan, Austria, Germany, and Tur¬ 
key. Tliis series forms a marvelously complete collection, and will 
be a priceless source of information for historical purposes. 

The Medical Department completed the extensive series begun lust 
year of objects illustrating the work of that branch of the United 
States Army, atul it was duly installed this year under the supervision 
of Mr. F. L. Lew ton. The field equipment included first-aid kit 
and emergency belt worn by all enlisted men in the Medical Corps, 
field operating table, instruments, dressings, and other supplies, 
complete portnbic and the emergency dental outfit for cunjing 
in hand, field kitchen, disinfector, sterilizing outfits, litters, am¬ 
bulances, etc. The base hospital material for exhibition, was grouped 
as follows; The X-ray laboratory, showing all important fixed 
and movable types of X-ray equipment; the hospital wiird of three 
beds, with various equipment; general operating room of ft mili¬ 
tary hospital; antesthesiu room; eye, ear, aud throat clinic; frac¬ 
ture room; dental clinic; sterilizing room; bacteriological labora¬ 
tory; serological laboratory; pathological laboratory; and chemical 
laboratory. 

The pictorial material of the war collections was increased by a 
series of nearly 600 drawing- and paintings by the official artists 
of the American Expeditionary Forces, which were installed in 
rooms 45, 40, and 47 of the Natural History Building. To the 
numismatic section of the war collections was added u collection 
of representative war decorations and medals of Great Britain, 
France Italy, Germany ? Austria* and 1 nrkey. and a ® cl ^ es of 
bronze and silver commemorative medals Issued by Belgium, h nrno.r t 
Great Britain, Grace* Holland* Italy, Montenegro* Rumania, Kussb, 
umi Serbia in commemonUion of notable events during the "ar. 

Thq National Society of the C olonial Dames assisted also in build¬ 
ing up the war collections by lending a very mteratiiJg and striking 
series of uniforms of the types worn by American women members 
of war organizations* 

The space aligned to the war collections was increased early in 
the year by two large range* on the ground lloor of the Natural 
History Building. In one was installed the collection of foreign 
uniform^ insignia, and decorations wqiii by the armies *jf ihe Allies 
and the enemy countries and the captured German military equip- 
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mem, for which the Museum was Indebted to the Quartermaster 
General of the United States Army. Mnj. Gen. It. L. Rogers. In 
the second range were placed the collect ions of chemical warfare 
and ordnance material. The west and central portion of tin? foyer 
of this building was given over to the Corps of Engineers for its 
exhibit; u portion of the foyer and three rooms on the cast to the 
exhibit of the Medical Department; and the walls of three rooms 
on the west of the foyer to the pictorial material. In the Arts and 
Industries Building were placed on display captured German, ord¬ 
nance material, small amis of the Allies and enemy countries, Ameri¬ 
can ordnance equipment, anti the collection of uniforms worn by the 
women's organizations. Out of doors, on the west aide of this build¬ 
ing, ware placed the German field guns, and the air plane exhibit is 
lacing assembled in the Aircraft Building. 

The War Department rendered great assistance in putting this 
material on display, without which the Museum could have made 
1 it lie progress, the small force of the division of history luung en¬ 
tirely inadequate to the huge task. Special credit is due to t'npt, 
J. J. llittinger, nf the Quartermaster Corps, who continued on detail 
to the Museum throughout t he year, giving general supervision to the 
assembling and installation of material; tit Mnj. John McLaren in 
connection witli the ordnance sections to Capts, E. W. Jepson and 
J, E. Costello and Sergt. Bums A. Stubbs under Lieut. T. X. Ellman 
as to material from the Corps uf Engineers; and to Capt. A. P. 
Moorudian. who planned and supervised the wiring and setting up of 
the equipment of the X-ray laboratory in the exhibit of the Medical 
Department, all of which is operative, 

liiHtortj .—In other lines than the war collections the Museum ac¬ 
quired much material of value and interest. In American history the 
additions included a large collection of uniforms of the types worn b v 
the armies of 23 foreign countries prior to the World War; 226 com¬ 
plete uniforms of the types worn in the United States Army from 
1770 to 1900; material relating to the career of Cyrus W, Field and 
the laying of the first Atlantic telegraph cables; miscellaneous scien¬ 
tific apparatus used by Joseph Henry (1T99-IB7R) during the latter 
port of his life, the gift of his daughter, Miss Caroline Henry; 
watches owned by Maj. Gen. George B. McClellan, United Stutcs 
Army; swords and other military relics of Maj. Gun. John R. Brooke 
United States Army; mementoes of Susan B. Anthony and objects 
illustrating the history of the women's suffrage movement in the 
United Staton from 1*4$ to 1 DID i and for the scries of costumes of 
mist losses of the White House, a black velvet dress worn by Mrs 
Woodrow Wilson, and ti lace flounce completing the inaugural dress 
of Mis. James A. Garfield. The philatelic material was increased by 
.1,872 specimens, of which 4$45 were transferred from the United 
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States Post Office Department, and of these 2JT. r , are exam¬ 
ples of new issues reaching that department from the Intimation ft 
Bureau of the Universal Postal I'nion. _ 

A»thro f „>!ogy.—T[iv small number of accessions received m Urn 
division of ethnology shows markedly the rapid decline of Indian 
material and a corresponding though less rapid disappearance o 
material from races less modified by contact with the white man. 
The receipts included western Indian baskets donated by Miss Ella F, 
Hubby; valuable material collected during the period of military 
occupation of the Philippines received as gifts from Mrs. Ihamaa . 
Dwyer and Miss Kline. Gen. Joseph C. 13 reckon ridge and the late 
Lieut. Col. Duncan Elliott, United States Army; and pottery ami 
objects in silver, pewter, and brass lietjueathod to the Museum y 
Miss Elisabeth S. Stevens. 

The division id American archeology reports its yearly increase 
due largely to contributions from the Bureau of American Eth¬ 
nology, including collections made in Arizona, Utah, and^ Colorado 
by Dr. Walter Hough; in Texas by Dr. J. WFewkes and 1 mf. A. h. 
Pearce; in Missouri bv Mr. Gerard Fowke; and in \ tab by the cum- 
tor, Mr. Neil M. Judd. 'Hu* Imrttw also transferred u collection of 
archeological specimens obtained by U as a gift from the Otto 1. 

Mu I lery expedition. . . ,, 

The collections in Old World archeology benefited, too by the 

_ . __ _ x . -■ . I __ .1 an .. ^ F-ft J II nil till fPl 
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Mr, Hugo Worth contributed three piiuujs and a harpsichord to 
the scries he is building up here representing the history of the 
pianoforte, and from Mrs. J* Ryan Devereus carac a noteworthy 
collection of 81 musical iiistruments of various types. 

The additions in graphic arts ineluded u collection of several 
hundred specimens of wood engravings, mezzotints, aquatints, etc.,, 
donated by Mr; Earle TV, Huckel; miniature mosaics from M r. 
Stockton W, Jones, showing a method of making pictures nut here 
to fore represented in the division; sephiograph repriM] net ions from 
the Crane Lithograph Co.; and American-made vellum from Mr. 
Qoorge A. Hathaway. The section of photography was enriched bv 
photographic apparatus used by Edward Muybridge in his study of 
motion in amnia lm presented by the Commercial Museum of Phi la¬ 
de] phitn 

In the ceramic gallery loans were credited from Miss E. IL Lowe 
of old Englkh porcdain t and from Miss Eliza Uuhamah Scidmore 
of Japanese porcelain and bronze. 

—The additions to the biological collections aggregated 
approximately 13€,7t»^ specimens. Not only way the year mtmerirally 
a very prosperous one, but the reports of the curators show a gratify¬ 
ing increase in the scientific importance i f the material received* 
This is particularly true of the division of birds, in which no leas 
than Hitt spedes new to the collection were among the accessions. 
This splendid result was to a great extent due to the liberality of Mr, 
Ii. B. Swoks, of Washington, D. C., who placed h fund mt the ilisqmsi. 
tion of the Museum Or this purlieu!nr put-pas*. Xu less important 
was the material rereived through the continued generosity of Dr. 
W. L. Abbott. Impressed by the importune* of securing for the 
Museum un adequate representation of the fust disappearing higher 
vertebrate fauna of Australia, he granted tin- menus to send Mr. 
Charles M. Hoy to that Continent: for the purpose of collecting 
especially mammals and birds. Xu less than S40 spedmena of the 
former and 228 of the (utter from 11 region hitherto very poorly repre- 
s. iilod ill the national collection are contained in this first installment 
Dr. Abbott’s personal explorations in Haiti have also yielded very 
important additions. A third expedition was of particular interest 
as supplementing- our African collections, which were hitherto con¬ 
fined chiefly to the eastern side of the Continent, viz, the Collins- 
fiarner expedition to tile French Congo. More than 5,.1S0 mammals, 
birds, reptiles, fishes, and invertebrates were thus added, amoog 
1 Imm 2 gorillas. 2 chimpamwea, 2 buffalos, etc. The first installment 
from another African expedition, ntrried out hv the Institution in 
conjunction with the Universal Film Co., contained m mammals 
and birds from southern Africa, still further contributing to the 
excellency of our series from the dark continent 
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Among the larp* collections of Insects acquired, the following are 
.especially noteworthy: Mr. B. Preston Clark presented 5,500 lepidop- 
teia of the Hawaiian Islands and South America, Similarly Dr. 
William Barnes donated 2,000 moths, including GO types, and 150 
butterflies. From Dr. TV. M. Mann, through the Bureau of Ento¬ 
mology, the Museum received fl,0Q0 insects of various orders, collected 
by him in Honduras, and similarly from Dr. E. A. Schwari a collec¬ 
tion made in Florida of 5.770 miscellaneous insects. Besides 6,Whi 
specimens transferred by the Department of Agriculture, numerous 
accessions were received from Costa Rica, Australia, South Africa, 

Mexico, etc. -ii t 

The mollusk collection was the recipient of two particularly val¬ 
uable and important gifts, namely, the collection of Hawaiian marine 
shells donated bv Mr. I). Thannuro and a part of the William F. 
Clapp collection of New England land and fresh-water mcUusIm, 
about 10,000 specimens purchased and presented by Mr. ->ohn it. 
Henderson. The former, consisting of about 5,(HM> specimens col¬ 
lected by Mr. Thaanum and Mr. J. B. Langford,has long ivea known 
as the best existing collection of authentically located marine Ha¬ 
waiian shells. As in previous years, the Bureau of Fisheries forms 
one of the chief sources of our material of marine invertebrates, in¬ 
cluding specimens collected during the cruises of the 
the Bachts reported on by Mr, Pnsoki, Dr. A. K Treadwell, and Dr. 
II. B. Bigelow. Numerous other accessions from collectors and col¬ 
laborators were remarkable for the great number o types oi new 

spedes added daring the year. .* 

The botanical collections accessioned Included highly valuable mate¬ 
rial from all over the world. Besides important North American col¬ 
lections, there are represented plants from Mexico andCentrnl Amer¬ 
ica, Colombia, British Guiana, Brazil, Argentina, Europe, Africa 
Chino, Sumatra, etc. The Department of Agriculture transferred 
«.1W specimens, mortlv the result of fi«d work irf the Bureau of 
Plant Industry. The Forestry Commission of the Mexican State of 
Sinaloa transmitted HST specimens from little known parts of that 
State. A large numlier of plants were obtained m exchange the 
largest lot consisting of 2,308 specimens received from the Acw T ork 
Botanical Garden, mostly plants collected in Colombia by Busby 
and Pennell. Likewise to exchange there were acquiml from the 
Botanical Museum of the University at Copenhagen m specimens 
of Mexican and Central American plants, cliiefly material rollerted 
a long time ago by Liebmuun and Oersted, and therefore of unusual 

historical interest and value. . , . , t 

Geology —The additions to the collections in the department of 
geology during the year were ISO lots against 135 for the year previ¬ 
ous. with a decided increase m the number of spectmens and their 
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scientific value. Of these accessions, ill were gifts, 62 transfers* *25 
exchanges, Ji were collections by members of the force, L received us u 
deposit, and but 9 acquired by purchase* Among those of greatest 
importance were gifts comprising ores of the rare metals jmrticu- 
larly tungsten and molybdenum, secured chiefly through Mr. Frank 
L. Hess, of the United States Geological Survey, an honorary cu*> 
iudiau in the Museum. The donors Included Mr. CL W. Piirington, 
Vladivostok, Siberia; Mr T J. G* Ilibbs, Denver, Colorado; the Home- 
tflftke Mining Co., Lead. South Dakota; the R. £ S* Molybdenum Ct> s , 
Quest el, New Mexico ■ mid tile Mr dybdvnum Mines Co., Denver, Other 
important additions were mads by Dr. J. Morgan Clements, of New 
YcirLj travelling in China in the interest of the Federal Trade Corn- 
imsrion, and Mr. M. Ll Patterson, manager of the Thabawlcik Miaes* 
Merged, Burma. 

An excellent series of crystnlliased native copper and silver minerals 
from the Ijiko Superior region whs acquired by purchase and gift, 
and a large slab of native copper, simulating in outline the continent 
of South America, was received from the Bolivian delegates to the 
Second Pan American Financial Conference, 

The meteorite collection was enriched by examples of flic fallowing 
stouts: Colby, Wisconsin, 3,(3418 grams; Rjnrbolc, Finland, 2,500 
grams; WimhingtenCounty.Kansas,2flOBgrams; lvc&en, Japan, 1,397 
grama) and Appley Bridge, 598 grams. In addition there was ac¬ 
quired 3,320 grama of an iron from Y onberrie, Austral ill. 

Valuable collections in the form nf minerals and invertebrate fos¬ 
sils, comprising many thousands of specimens* were received from 
the United Stales Geological Survey, as was also a largo series of 
igneous rocks from the Yellowstone National Park, described bv Dr. 
J. P + Iddings in volume 32 of it monographs. 

Largo collections from the West Indies, particularly from the 
Dominican Republic, have been added to the series of invertebrate 
fusils* which have been further uugumented by some 10,000 specimens 
from the Upper Cumbrian of Wisconsin* 

lo tlie exhibition series have been added a large and unique speci¬ 
men of trilobiU^ the largest American form in existence* which was 
found during excavations hi connect ion with the conservancy dam 
at Dayton, Ohio: a mounted skeleton of the large, extinct mammal* 
EfftiiJotAertufti htf.tclu'rt; the sea-Ji ring lizard. Tyl&xtmrux proriger; 
and a diminutive camd Stenomylm Mtehe&ckL The study collec¬ 
tions in vertebrate paleontology were angnmented by u con^idorabk 
number of type specimen^ deposited by the Maryland Geological 
Purvey, which, though fragmentary, arc? of primary interest. Of 
equal importance are gilts of Pleistocene born* and teeth from a 
cave near Bulverde, Texas, donated by Dr. 0. P. Hay, and similar 
material from Cavetown, Maryland, gift of Phillips Academy, Ando¬ 
ver, Massachusetts* 
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The gem collection lias becu thoroughly overhauled, reweigbed, 
and rtcatulogud, and a handbook and catalogue of the same pre* 

])lin'd, the manuscript of which is now in the hands of the Govern- 
ment Printer, 

The work of preparing 100 sets of 85 specimens each of ores and 
minerals for distribution to schools, mentioned in I he report of last 
year, has been completed and the sets are now ready ns occasion shall 

(lorn and. _ - £ 

7ca;i&w.—The collections under the supervision of the curator of 
textiles, which* besides textiles, embrace medicine, food, wood tech¬ 
nology, and miscellaneous animal and vegetable products, were in¬ 
creased bv many gifts and by transfer from other Government 
bureaus amounting to about fcjOOO objects. The most important of 
these are as follows,' The division of textiles received for inhibition 
from the Department of Ordnance, War Deportment, specimens of 
the silk cartridge doth which was so essential in the preparation of 
separate loading ammunition for all the large gnus taking part in 
the World War; also examples of this same fabric showing the re¬ 
sults of the experiments made to demonstrate the value or ci« un 
uses of the 11,000,000 yards sold as surplus material. There were 
added l>v gift many specimens of knitted fabrics contributed bv 
American manufacturers, and made from artificial silk, wool, mil 

mohair. , . 

The collections in the division of medicine were en 
larged by a series of pharmaceutical preparations illustrating the 
various forms in which medicinal substances (ire preparw. 01 l * 1 _ 
ministration, n series of essential oils, ami an addition to tho materm 
medica collections of a large number of inorganic chemicals. 1 lie 
exhibits planned to illust rate the basic principles of different schools 
of medicine were increased bv many gifts, and the one e%0 c< ° 
homeopathy completed- The section of pharmacy received many 
Uornuienta find publications bearing on the history o t v m er 
-States Pharmacopoeia and the complete series of written and printed 
records of the last revision of this important work, amounting to 
many thousands of pages. 

\Yi>ad technology ,—The exhibition collection* of the section of 
wood technology were mus h improved by n transfer from the forest 
Service of 35 colored transparencies and colored bromide enlarge- 
ments spccudlv prepared for the National Museum, representing 
typical forest scones, methods of lumbering, and forest industries, 
and by the gift of exhibit material Murtraiing the use of wood waste 

and wood pulp. . 

AnhncI and vegetable prwluctn ,-Many specimens of edible and in¬ 
edible oils developed us a branch of the meat-packing industry, and 
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samples of the official tea standards used from 1015 to 19*20 to con¬ 
trol the quality of the foreign teas imported by the United States 
were added to the collections of animal and vegetable products. 
Mineral technology —In the division of mLner.il technology the 
principal addition was a working model of a salt works, donated by 
the Worcester Salt Co., being a replica of that company’s operations 
near Warsaw, New York. A system of circulating water is caused to 
mine the native salt, bring it in solution to the surface, and finally 
to surrender it. the whole taking place Ik; fore the visitors eves. The 
Nationn 1 Lead Co. contributed 2tf large transparencies and about 600 
exhibition samples needed in completing the compi-chensive exhibit 
illustrating the lead industry undertaken several years ago and 
which now lacks only competent technical direction in install at ion. 
Tim work of the division was largely at a standstill by the transfer 
elsewhere in the Museum at the beginning of the year of one of the 
members of its scientific stuff and the resignation soon afterwards 
of the remaining two members. Mr, Gillorf, after severing active 
relations, continued tinder appointment on an honorary basis to give 
advisory supervision over these collections, all of which had been 
developed under his direction. It is hoped another year will find this 
division manned and again to the front, as it was so signally during 
the period of the war. 


McchaJW'ol technoloQtj .—Probably the most important addition 
to the collections of the division of mechanical technology during 
the year was a 12 cylinder Liberty airplane motor, the gift of the 
Lincoln Motor Co., various portions of which arc cut nway to show 
the interior parts in operative rein lion. Another accession of note 
was a replica of the original typographer, invented mid patented by 
William Austin Burt in 1&29, donated by his grandson. Mr, Hiram 
Austin Hurt. As representative of the early beginnings of the 
American typewriter this forms u very important addition to the 
exhibit, showing the development of the typewriter. The time¬ 
keeping collections were enhanced hy the gift of two watches from 
Mr- George IV. Spier, honorary custodian of watches. In the sec¬ 
tion of murine transport at ion there was added a mode! of one of 
(he freight ships built at Hog Island Shipyard in 1919 , received 
from the United States Semite Committee on Commerce, through 
Senator Wesley L Jones, chairman. 

Early in the year plans for the future development of the division 
of mechanical technology were formulated, the end in view bein* 
u museum of engineering. Accordingly, the collections in care of 
the division were first rearranged j n the halls, the basis of rear- 
mnpvmcnt being the kind of object rather than the source: thus 
one hall now includes all objects relating to land and aerial Ira,is- 
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portsition? another hnll T marine transportation; and another hall, 
metrology and mechanical transmission of intelligence, 

NATIONAL UA1JXEY OF AIIT. 

The National Gallery of Art—the department of fine arts of the 
Museum—continued in charge of Dr. W. H. Holmes us curator, the 
collections occupying mainly the central skylighted hall on the first 
floor of the north wing of the Natural History Building. The addi¬ 
tions while not numerous comprised works and objects of very con¬ 
siderable museum value* not, however, com para hie in importance 
with the accessions of the year before. Of the works of painting and 
sculpture added, the most noteworthy, perhaps, was a statue in white 
marble of the Burl of Chatham (William Pitt), by Francis Derwent 
Wood, R, A,, the gift of the Duchess of Marlborough and other 
American women in Great Britain* 

During the year four paintings were purchased from the Henry W. 
Ranger fund, two of which* Grey Day, by W. Grnnville-Smith f N. i\., 
and Evening Tide, California, by William Ritsche), N, A*, are now 
on view in the gallery: the others arc The Rapids, by W* E, Sehu field, 
X* A., deposited in the Brooklyn Museum, and the Orange Bowl, by 
Anna Fisher, the assignment of which has not yet been announced. 
It is gratifying to know that by this beqttest the gallery is assured 
of a numl^er of worthy additions each year. 

During the year the Rev, Alfred Dti&ne i*ell continued to add to 
his collection of art. objects presented and Sent to the Museum and 
installed in the long room at the north end of the gallery. The in¬ 
stallation was not complete at the dose of the year. 

The preparation of a catalogue of rhe gaBery bringing the record 
up to date was carried to practical completion. The Inst issue of the 
catalogue, prepared by Assisi an t Secretory Rathbun, is dated 1910, 
and it is regarded as important that n new edition be printed as soon 
as practicable* 

It is a matter of particular felicitation that in June ( oiigrcsa 
grunted a fund sufficient to permit the organization of the Gallery as 
ft depurate unit of the Smithsonian foundatsou and to provide a 
model* curatorial staff, thus relieving the Museum of a rapidly grow¬ 
ing burden and at the same time afFording the lung-delayed opjjor- 
tunity of laying the foundation requisite to a reaaoiiablfl and sym¬ 
metric development of the Xation*s Gallery of Art* 

FKiifcE COLLECTIONS. 

The death of Mr. Freer this year is a great loss to the art interests 
of the country. In presenting his collections of American and orien¬ 
tal art to the Snuthsonimk Institution in 1906, Mr. Freer stipulated 
22 -1 
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that they siiouUI remain in his possession during ids life, and at tluit 
liine lie provided in his will $500,000 for tin* erection by ilia Smith- 
soniim Institution of n suitable building for housing them, near the 
National Museum. He reserved the right to add to the collections, 
imd in the intervening years he hue aliont trijiled die number of 
objects originally transferred by title to the Institution. Increasing 
the building fund to and waiving the original condition*, 

Mr. Freer in 1016 decided upon the early erection of the structure 
and the transfer of the collections to Washington, The building, 
now nearing completion, was accordingly begun in the autumn of 
101ft. That Mr, Freer was not permitted to see the consummation 
of his plans fur the development of the art interests of the country 
is greatly deplored. Ilia experience and advice w ould lie invaluable 
in inaugurating this independent unit of the National Gallery «f 
An which he so generously provided. The building and collections 
represent an outlay of soma six or seven million dollars aud consti¬ 
tute one of the most important and valued donations which any indi¬ 
vidual lias ever made freely and unconditionally to the Nation, 

During the year the building for the Freer collections was brought 
nearly to completion, despite delays now characteristic of the hutld- 
iug business. The central court was carefully laid out with walks, 
gardens, and fountain. Arrangements were mode with the officer in 
cbnrgr of public buildings and grounds for laying out the driveways 
to the building and otherwise improving the grounds Immediately 
surrounding it. 

The Peacock room, that celebrated decoration executed by Whist¬ 
ler as a setting for his painting La Princesse, was transferred from 
thu residence of Mr, Freer, in Detroit, and set up complete in « room 
Specially designed for its reception at thy southeastern corner of the 
building. By the dose of the year the executors of Mr. Freer’s es¬ 
tate had commenced to ship to Washington other portions of the 
Freer collections, which wilt be stored in the various storage (juurtere 
in ! fie building until the structure is entirely com pie tod and the in- 
fctaHiition of the collections ran be undertaken. 

T\TE mm HEQUESTp. 

Prof. Morris Loeh, the eminent rhQraist. wlio died on October 8 ? 
IlMir. left a bequest of $25,000 to the American Chemical Society* to 
he field os a Special fund, the income of which should be used for the 
establishment or maintenance of a chemical type museum, either in 
connection with the Chemists 1 Club of New York City, or the Nsi- 
tioTiuf Museum in Washington, or the American Museum of Natural 
History ju New York City, preference to U* given in the order 
named. Hie chief object of the museum was to tie the preservation 
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of all new subsiancGk described as the result of chemical research, 
either by obtaining the same by gift or purchase from tho discoverer 
of by causing the same to be prepared in sufficient quantity accord¬ 
ing 1 to the discoverer's published directions—all for the purpose of 
facilitation comparison by subsequent observers. 

TUa Chemists' Club of Sew York accepted the trust* but being 
unable to comply with the conditions in the Loch will, offered to give 
u p their claim, and the Institution indicated its willingness to accept 
ibe rrspo nsibility, through the National Museum* lhc fund should 
hereafter yield an annu al income of about $1,155* though the ainoutit 
for the calendar year 1030 will be slightly less. 

By means of this income from the Morris Loeb fiintl. the Smith- 
suntan Institution proposes to build up in the National Museum 11 the 
Loch collection of chemical types*” a permanent refamnea or study 
collection. of new substances and original material resulting from 
chemical research. Steps will be taken hi secure a competent advisory 
committee cum[x* 5 cd of eminent chemists of the country to advise 
on the policy to lie pursued in dealing with i is v estimators desiring the 
use of portions of tyjw? mute rial in the Loeb collect ion* 

The general scheme has the sanction of various governmental 
chemists, and the Bureau of Chemistry, Department of Agriculture* 
favoring the establishment of such a collection under the Museum ru* 
the proper place for a national collection, offers hearty cooperation, 
placing at the Museum's disposal in developing this project any of 
the bureau’s resources in the vr&y of personnel, equipment* and 
supplies. 

U is hoped shortly to reorganize the division, or section, of chem¬ 
ical industries, in the department of arts and industries, begun in 
rm Insufficiency of funds prevents this being done at once. In 
the meantime the Loeb collection a e well ns other chemical specimens 
which the agitation of this subject will doubtless bring to the 
Museum, will be eared for under the direction of one of the curators 
in arts and industries- 


BUTLDI>08 A>'L> EQUIPMENT, 

Tlie first ileficieficv net for tflSO included an item of f5.m for 
placing the Natural History Building in the same condition ae it 
* hen occupied by the Bureau of * nr U lorn* - 
1017. This permitted the pointing up of the dmnognd plonteiui 
nulls and the pd.«ng of rralte, filings, nnd I tars in the oroo «n- 

nrnA ii SEi bureau from October, 191 1 , to Marilu ic IF. 

. J the H ire UnUdimr from the regular Museum 

Other improvements m this buiUimg iroru - _ 

. iij *, e 1 1r*Trtnnt crflcks in \ cnttifln 11 oofs 

srsssrxs ss* U—- »**« *• — 
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ami ceilings of these halls, painting walls and ceiling* of comfort 
room and rooms 223 and 224 on third floor, painting floors in west 
north and west ranges, repointing open aeoniH in the granite courses 
mid ledges on exterior and court walk and the stone steps at south 
entrance, the painting of exterior surface of metal window frames of 
first and second stories, and painting gutters. The building in the 
east court *m remodeled for use ns a laboratory. 

In the Arts and Industries Building the exterior woodwork of rho 
windows was painted; a number of walls in the exhibition halls, 
offices, and laboratories were repainted, including the cafe; tmd an 
additional dark room was Constructed in the photographic laboratory. 

An improved system of ventilation was installed in the nmscerating 
ivxuu in the south shed. 

The deficiency act above referred to also provided the sum of 
§14 /khj to enable the regents of the Smithsonian to heat and fit up for 
the exhibition of aircraft and accessories the temporary metal struc¬ 
ture erected in rhr .Smithsonian Grounds hy the War Department, 
with the understanding that the custody and control of the building 
*» transferred to the regents of the Institution bv the Secretary of 
War. Immediately after the building was turned* over to the Jnxti- 
t at ion in November, the old heating equipment was condemned and 
sold and arrangements made to heat and light the building from the 
flower plant of the National Museum. Steam pip™ wenTnin from 
the Arts and Industries Building, and electric lights were provided 
for use on dark days and for police purposes at night. 

To make the interior of the building suitable for exhibition pnr- 

rr, a flof>r WflS laid in lb* wooden floor, which 

had deteriorated to an extent that made it s use impossible. The 
entire ceding and side walk wen; sheathed, covered with wall board 
and painted. I entiktors were installed nt either end of the build 
mg, u concrete platform constructed at the cast end of the build 
mg, and a glazed vestibule built at this end to he used ft5 ™blic 
entrance A combination storage, workroom, and office was parti- 
tinned off in the southeast corner and a new comfort room constructed 
The doors on the north side were closed, two doors on the west side 
pXted “ ' c-Mts, and the exterior of the building w iiS 

The addition.', to the furniture this yea,■ included 30 exhibition cases 
and 229 storage cases and pieces of laboratory and office f Urni 

drewere 3tUn 111111 draWCrS! 602 and 388 special 

The power pl^t was dosed for two months and eight days, during 
whxch ume dectnc current for light and power wus purchased fn™ 

c °’ under —»£* £ 
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The changes and repairs to the plant consisted of the mst&Ufttion 
of the forced oil-feed system for the engines purchased the previous 
year; the purchase and installation of asbestos covers for the fmir 
boiler drums, together with the repairing of the covering on the pipes 
and stnofeu breeching in the engine room, and the purchase and in¬ 
still bit ion of a new pump for removing water of condensation from 
the main exhaust pipe. I'or the first time -niice tile in.^talbUioU of the 
plant, in 1OTB, it became MMesary to replace the lulres in two of the 
boilers and also to have the main bearings of two engines rcbabbittcd- 
Though the entire plant has been operated under pressure, the do- 
terioriatioii is* in the opinion of the engineer, largely due to the In¬ 
ability of the Museum to secure competent and reliable men as stokers, 
firemen, and distant engineers at the very small salaries paid. 

MEETINGS AND CONGllEBSE B. 


The annual meeting of tile National Academy of Science# was 
hebj again tills year in the Jfitseuiit, on April 20, 27, and 23, the 
auditorium and committee rooms being used, respectively, for the 
presentation of the scientific papers and the business sessions, fin 
the first evening the William Ellery Hale lecture in the form of a 
discussion by Dr. Harlow Shapley, of Mount M ilson Solar Observa¬ 
tory, and Dt\ Hobor I), Curtis, of Tuck OhsQrvatorj% on the scale 
of the universe, was followed by a conversazione in the National Gal¬ 
lery of Art and the adjoining halls of the Museum. 

Governmental, scientific, and educntional organizations making 
use of the auditorium and the committee rooms included: The Na- 
tinrml Women's Trade Union League of America, for Hie First 
International Congress of Working Women; the Delaware Kirer 
Shipbuilders’ Council, for a (-onfercmii of workers in various navy 
varils and ahipynnIs of the United States in reference to the Gov¬ 
ernment’s shipbuilding and shipping program; the American Asso¬ 
ciation of Anatomists, for its annual meet mg; the American Asso¬ 
ciation of Ichthyologists, for its annual meeting; Southern Socm- 
logical Congress: the American Association of Museums, for its 
fifteenth annual meeting; the Unite,! States Department of Agri¬ 
culture, for a meeting of fertilize, immlfaetnrera m congou with 
an investigation of fertilizer prices; the Mat,- KeGlions M^iLu of 
that department, for various gatherings of its aniJjW ' * b fr {* 
seven-,lav conference of its furm-management Heinons rattora Jmu 

all patta of the country and the annual J’gj 

Garden Club organised under its auspie^, the 

fndustty for a the advisability of 

cultural Board, ^ ^,1 Louisiana on account of the 

SKSSE* 5E; *■ fOT ^ cl05ins ^ 
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cUes of the Army Medical School session 1910-20; for the fourth 
Hamilton fund lecture by the Rev. Dr. Charles E. Jefferson on 
“Tlie old order and the new”; the National Research Council, for a 
lecture by Dr, John J, Catty on the wireless telephone, illustrated 
by talking motitnL pictures; the District of Columbia Minimum Wage 
Board, to bring together tlie women employed in hotels, restaurants, 
apartment houses, and hospitals of Washington, that they might 
select representatives to serve on the minimum-wage conference 
for this industry; the public schools of the District, for lantern-slide 
talks on trees, birds, and gardens by Mrs. Susan Sip,* Alburtia before 
children of the public schools of south Washington: the Southern 
Society of Washington, for u lyeemn on five Wednesday evenings 
during the winter and spring; the Anthropological Society of Wash¬ 
ington, for its gatherings of the 101D-2O season; the Anthropological 
Society nnd the Washington Academy of Sciences, for n lecture be 
Dr. W. TI. H. Rivers on ethnology, its aims and needs; the Wash- 
ington Society of the A reh mo logical Institute nf America, for a 
lecture by Sir Bertram Windle on the megaljthic monuments of 
Great Britain : for a special exhibition of motion pictures of national 
forests before delegates to the annual convention of the American 
Pharmaceutical Association; the Audubon Society of the District 
of Columbia, for its annua! meeting, with lectures by Dr. Paul 
Battsch on the birds of the District of Columbia, and again for an 
illustrated lecture by Dr. William L, Finley on wild game; the Wild 
Flower Preservation Society; the Consumers' League of the District 
of Columbia, for addresses by Hon. William Braver and Mrs. 
Florence Kelley on the cost ofliving from the consumer's standpoint■ 
the committee in charge of « Be-kmd-tcHUunnUa week," for an illufi- 
trated lecture by Mr. Ernest Harold Baines on the part played by 
animals in the war, and again for organizing a *Good-to-nniimtis 
society the U. S. S. Jacob Jones Post No. 2 of the Vmerlcan 
U'glou, to celebrate its first anniversary; the Association of Appoint- 
ment Clerks; the Smith-wniun Auxiliary of the District of Columbia 
Chapter of the American Red Cross; the Smithsonian Relief Ac¬ 
tuation, for its annual meeting; fo r awarding the prizes for the 
Evening tdar Army enlistment essays; the Washington Society of 
Engineer for a disoti^lon of the preliminary report of the engineer- 
ing council’s committee on classification and compensation of Govern 
ment engineers; and the Washington section of the American Society 
iif Mediamcfl] Engineers. J 

The work of the Congressional Joint Commission on Reclassifica¬ 
tion of Salaries created great activity among the civil employees of 
the Government in \\ adiington, and Lhe Museum afforded a meeting 
place for the scientific-technical section of the Federal Employees' 

T men No. L. to complete the organization of the section, for a sym- 
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posinm on the principles Involved in fixing salaries, and for Addresses 
by Prof. Irving I'isher on the purchasing power of salaries find by 
Doctors McClung and Howe on the work of tlie National Heseardi 
Council; for the Smithsonian branch of the Federal Employees’ 
Union No. 2, ami for various other groups of civil employees for 
'irganizing, preparing data, and otherwise helping toward the elsissi- 
fientinn of the Uovcmment forces in Washington, including Federal 
workers interested in Ijuokkeepiiig, accounting, and auditing, the 
clerical force i>f the Department of Agriculture, the federal pho¬ 
tographers, the marine and stationary operating engineers, the snh- 
ennunittoe on jicrwnnel of the redassificntiim committee, and mem¬ 
bers of the Museum's scientific stuff. 




Under the auspices of the Arts Club of Washington, a special ex¬ 
hibition of illustrations of the famous bell towers of the world was 
held in rooms 46 and 17 of the Natural History Building from Octo¬ 
ber 2 to 31, inclusive. The Arts Club has undertaken to enlist the 
cooperation of all lovers of freedom in furthering a plan to erect at 
the Nation's (’upitul a national peace tower with the largest and finest 
carillon that the most expert boll founder- of the world can provide, 
els a tribute to the heroic resistance of Belgium, in recollection of our 
dead and those of our allies, and in enduring commemoration of the 
great victory won over imperialism. 

An exhibition of drawings, photographs, and paintings illustrat¬ 
ing the activities of tin* Air Service of the United States Army at the 
front and in America was opened to the public from October 4 to 
October 20, 1010, in the west north range, ground floor. Natural Ilis- 
tnrv Building. Cap!. Oth oCashing was in charge of the exhibit- 

Tht* Museum library was increased by 1,832 lk*und volumes and 
1,5hi pamphlets, mainly obtained by gift and exchange, bringing the 
total in the library up to 55,517 volumes ami 88,000 pamphlets and 
unbound papers. While there were no exceptional pieces contributed, 
there was a collection of special importance—the personal library of 
Dr. Charles D. Walcott His intimate association with the paleon¬ 
tological collections of the Museum makes the Museum sectional 
libraries of vertebrate find invertebrate paleontology difficult of 

d it plication, ,, , (1 , . 

The publications for the Museum for the year consisted of the An- 
nual Bcport for 1018; volumes 64, 55, and 5G of the Proceedings; 
volume 21 of Contributions fmm the National Herbarium, bulletins 
Nos. 106 (text), 107. Sind 109, a very email edition of Bulletin No. 
103, ami 42 separate papers. The total distribution o . uaeuin pn 
cations aggregated 81,9*16 copies. 
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The mmib^r of visitors to the Natural History Building aggregated 
321,508 for week days and 101,410 for Sundays, At the Arts and 
Industries Building, which is open only during the week, the total 
attendance was 250,582. The Smithsonian Building is ordinarily 
only open to visitors on week days, hut an exception was made for 
a few Sundays in March and April* 1520, when there was on exhibi¬ 
tion a seric? of exquisite water color paintings by Mrs, (A J>. Wal¬ 
cott of wild flowers, the attendance being £4,223 on week days and 
1,700 on the five Sundays, 

The moat pressing needs of the Museum are those fur additional 
space fur the ever-Increasing collections and additional funds fur 
their classification and maintenance. Another year ha- only made 
inure unite these needs* Preliminary steps arc being taken looking 
to semiring the erection of anothei building to house the great his¬ 
torical coHectiuna of the Museum mid the collection^ of the National 
Gallery of Art. It will nevertheless be some years before relief can 
he hoped for in this direction, even under the must favorable circum¬ 
stances. The appropriation* fur the maintenance of the Museum fur 
1921 remain practically the same u> those for 1920. Never were there 
so many openings for advancement in industrial as well as scientific 
linos, hut under existing conditions the Musaum is helpless It 
not only prevented from developing collections in the various direc¬ 
tion^ now offering exceptional opportunities, but it rarries forward 
existing work only by exercising the strictest economy. 

Respectfully submitted* 

W* DEC, Ravfvui. 

A dndnistratii t Axmtant to ihs SeercUtnj, 

In chcLnjt: UmUd Staff* National J 

Dr* C'hawu s D. Walcott, 

Secretary * H mUka&niu & I nutltutUm. 
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REPORT ON THE BUREAU OP AMERICAN ETHNOLOGY, 

Sin : In reajwn-sv to your request I have the honor to submit the lol- 
loWListf report on the field researches, office work, and other opera¬ 
tions of the Bureau of American Ethnology daring the (fecal year 
ended dupe 3tl, conducted in accordance with the art of Con¬ 
gress approved duly lt?% 1019- The act referred to contains the 
following item: 

American t thtiGlogyi For eo&tltitilng 'etOoolo^eal Hwarchiw nmuaj; iHm 
Anmrlctm luMIsi iih it tilt Lhu DatlvT* of Hawaii inrludLaa (ftp oxcavatiiHi am 3 
prtvpTViLlluii at' nrcbpijlorio nHiiiHua* uhjiJt- r i3«v dtreptlon uf the SuiIHibouIiib 
lb»tttuUiPii. Sni-ludSiijtr mjeeasary a sol i he puttlm^ of necPaasiiry tK»ks 

and |H<r|tfdJcal3 p $42,000, 

Ethnology is the study of man in groups nr races and aims to 
contribute to our knowledge of racial culture and advance our appre¬ 
ciation of racial accomplishment, The researches of the Bureau of 
American Ethnology deal with the aborigines of the l nited States 
and the Hawaiian Islanders. 

The material from which we may secure this knowledge is rapidly 
disappearing or being absorbed bto modem life. The culture of the 
abyrigiunl inhabitants has in a great measure vanished, but modem 
survivals still remain, and it is one object of the bureau to record 
those survivals while this is possible, thus rescuing what remains us 
a partial record of the culture of the race, 1 his is essential in order 
that our knowledge of the North American Indian may neither bu 
distorted by prejudice nor exalted by enthusiastic glorUicatii.ui. 

In linguistics the necessity of recording those languages that are 
in djihger of extinction urgent. Several of these are now spoken 
only by a few survivors—-old men or women—and when they die 
this knowledge which they possess will disappear forever. Our 
Indians had a large literature and mythology, which on account of 
their ignorance of letters they did not record. This is rapidly hmn% 
lost, and it is our dutv to secure the information at once before it 
loses ite sibtiriginal character. The lexical and grammatical structure 
of the different Indian languages, their phonetic pecu I unties, ana 
their relations to each other also require intensive studio, which 
have been industriously pursued by die linguist* of the bureau. 
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It is believed that tin* publications of the Burton of American 
Ethnology should be of such a nature that they tuny laj studied with 
profit by all intelligent persons - and hot so crowded with technicali- 
ties us to repel all renders except a few specialists. While the bureau 
publications should not be devoted solely to popular articles, they 
foil to advance and diffuse ethnological knowledge if they arc so 
tech steal that they appeal only to one class of readers. The policy 
of tin- bureau is to publish u limited number of technical papers, the 
popular demand also hem"' given due weight. 

Important researches have been conducted by members of the staff 
»n the material culture of die Indians, one aim being to ascertain 
the various fibers ami foods used by them with a view to discover 
hitherto unused aboriginal resources tlmt might be adopted with 
profit by the white man. 

In order that the character nf the habitations of the Indian might, 
be better known and an accurate knowledge of them disseminated, 
illustrations of aboriginal huildmgs found in early maps and docu¬ 
mentary records are being gathered and a series of publications on 
this subject has been inaugurated. These, when available, ure ac¬ 
companied by the original descriptions of the buildings and inci¬ 
dentally identifications of the sites of the larger villages so far as 
possible. 

The bureau has continued researches on the music of the Indians 
with good results, as the past publications on this subject have at¬ 
tracted the attention of musicians who are making practical use of 
this knowledge in their compositions. There is a great demand for 
strictly T ml la n music. 

Archeology has lieen one of the important lines of research by 
members of ilm bureau during the past year. Although the method’s 
of research of this science are somewhat different from those of the 
ethnologist, the goal is the same. 

f( is urgent to gather nil possible data regarding the ethnology of 
the Indian prior to the advent of the white man, and where written 
history is silent on this subject, legends, monuments, mid other pre¬ 
historic remains ure the only media to supple the unknown chapters 
of history. As the nnlionnl parks, like the Mesa Verde, and national 
monuments, like the Chaco Canyon, containing the best examples of 
this evidence, Lave been reserved for permanent protection, the bu¬ 
reau is engaged in the scientific study of these remains in cooperation 
with the National Turk Service. 

The function of the Bureau of American Ethnology is both to ad¬ 
vance knowledge of ethnology and archeology by researches and to 
disseminate information on all subjects concerning Indians. Much 
of the time of the chief and the members of the stuff is occupied in 
replying to letters requesting this information. This in many cases 
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requires special knowledge of experts or extended studies in the 
library. The udministration and routine duties of the office have 
also occupied much of die time of the chief* 

The Great War has enlarged our view of the practical value of 
ethnological studies. As mtr country has become n worM power and 
hits entered into political ntid cojnmcreial relationships with many 
other races whose ethnology i$ little known, it is desirable that the 
ethnological researches of the hurenii be enlarged in order that v^e 
may bettor appreciate these foreign peoples* From nere>ssty^ ite 
have limited our researches to the American Indian and the natives 
of Hawaii. There is, however, an urgent rail for more extended 
studies of nil peoples whose amalgamation will coostitiite the future 
American. 

In addition to purely official duties, the chief has devoted con¬ 
siderable time to field work and the preparation of reports cm 
archeological researches. In the mum -«^ the year two visits were 
made to the Mesa Verde National Park, ColoradMne m August 
and September, IftlD; the other in June, 1920, These i^'ii relies, in 
aet.'ordanc^! with the above-mentioned act of Congress for the excava¬ 
tion and repair of archeological remains* were- in continuation of the 
cooperative work of the Smithsonian Institution and tho T^ationa 
Park Service of the Department of the Interior, anil were made with 
an allotment from the latter for the excavation and repair of cliff 
houses and other ruins on the Mesa \ erde. 

In the summer tincl autumn of 1910 the chief excavated and re- 
psiired Square Tower House, formerly known as Peabody House, one 
of the most picturesque cliff dwellings of the park. The picfi\ation 
of small house sites situated among the reflag on top of the mesa 
near the trail to Square Tower House was carried on sunUltaneoualy 
hv Mr, Ralph Linton, under the direction of the chief. 

'The work at Square Tower House has enlarged our knowledge of 
the structure of cliff dwellings; that o» small house sites contributes 
to theoretical discussions of their gnosis and evolution. The small 
house sites on top nf the mesa were interpreted as prototypes of kivus 
in the lurpe cliff buildings and are thought to i* the ancient stages 
in their development. The whole history of the ovulation of hon- 
zantal masonry can he followed by studies of various types of build¬ 
ings on the Mesa Verde. 

The two unique rhnrarteristire of Squsre Tower »«■ «■» . 
square tower situated in the mitlLlie of tie ruin 0IK .* 

•rred roof, with beam, intaet on two of thamMd 
Iriraa. The repair of tlic tower was timely, as n “J b*™ '™™ 

muiir yean tl.lt it would fall, tin » '"T' on ? t L “ r “ 
nil friends of our antiquitiea would regard the deatruttion of th.s os 
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a «1laxity. it was strengthened tt ml put in a condition f f>r permanent 
preservation. 

The roofs of twoi of the t ight kivns in Square Tower House were 
f™ "*“* nli l shftrt the best specimens of aboriginal eaipaiterinir 
m the park. Almost all of the original beams *r© still preserved* 
ami their arrangement allows how the aboriginal builders constructed 
a tunited roof. Especial cure was exercised in repairing Square 
Timer House to protect these roofs and presme the beams in doe® 
for examination by archeologists and visitors, 1 

Small house ritesare very numerous on top of Mena Verde among 
the dense growth of cedars, and two of the-* situated above Square 
Tower Horn* were chosen as types of the remainder for «*La- 
turn- The rooms uncovered on the*, sites may ho called Earth 
lodges and had sunken floors, with roofs now fallen in but oriel 
mdly Mtrurted of logs covered with earth. One of the* ro<Z 
"f. Eunh Lodge A. was completely ttcavated, and in order that 
the style of the most ancient habitation on th e park might be *e,i 

fanT*#*? Si!T r tWt r ( tn>m thB %iemoTlt " b 7 s sited. Another 
form of E«ih Lodge, subterranean nn d probably of later construe 

tion, hud stone pilasters like a diff-house kiv n for t h c support rf (l 

It °Tf ™th >,Ut U5 T lI r WC r ' madC ° f Utiobo Plastered In'the earth 
It shows three penods of occupancy: (l) The original excavation a 

subterranean room constructed on the lines of the unit tvo ’d 
lavu; (2) its secondary use as a grinding mi hv rh« ;, . , .» P V f 

of Tf Sl lbS of t * tn ™ “J 6 ?"? thrve ffrindikg*mills, the mdate! 
of Inch were in pU; and (3) a depression filled i n w Uh debris 
containing human skeletons and other hones. It thus have 
served distinct purposes at different times. ~ 

The theoretical importance of Earth Lodge A is tint it • - 

“ T *• Tit 'T>^;.“ •?—TiiKiSSS 

ttrr'rr -HrSi. 2&S 

Verde hey differed only digit fly from nomndic tribes and that thrir 

w < ™ ,t “ f —- 

***** 

it , . ., . 1 wptui on it nun called l nintprl 

rf°^Lt a t ^ iehb ° ri J g C ! iff The result of thi- work was 

of great .significance, for it brought to light a fun* cliff i,„ r 

,h« .hnwerl r : 

™ n ' > ' ? f-f S’*** !>»> Mlt far »m c other porpj ft” ‘ 
ncter points to the conclusion that this purpose was n temnle for tb J 
re ebretion of fire rites, or poesibly the conservation of that fire from 
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year to year, While there was found ho evidence that anyone ever 
lived in it. an adjacent el iff dwelling afforded every indication that 
it was inhabited by at least two clan?:. New Fire Mouse belongs to 
the same group ol ceremonial hui I clings as Sun Temple, except that 
it is ritmtod in a ctiiT and not on top of the mesa. 

The features that have led to lhe identification of this ruin ns one 
devoted to New Fire rites arc the large walled fire pit full of ashes 
in the middle of she court and the resemblances of phallic and other 
pictures on the walls of the moms to those still surviving among the 
Hop! in the New Fire cult, 

Mr. James Mooney, ethnologist* remained in the office throughout 
the year, engaged chiefly in the elaboration of material relating 1 to 
the Heraldry of the Kiowa and the Peyote Cult of the Southern 


Plains tribes. 

Tn connection with the preparation of the Denig Asgirdboin man¬ 
uscript for public*!ion* a correspondence wnn carried on with mem¬ 
bers of the Denig family and others for the purpose of gathering all 
available information concerning the history and personality of the 
author. A valuable complement to the Denig work is the German 
manuscript journal of the Swiss artist. Friedrich Kurz+ who visited 
the upper Missouri in 1851—52, spending some months with Denig 
at Fort Union, A copy of the original journal, now in the museum 
of Bern, was made some years ago by direction of Mr. Da rid 1. 
Busline 11, jr., who sold it to the bureau. 

Thr usual amount nf rorrespondence in answer to request- for va~ 
vied ethnologic in format ion received attention* Among these may 
be noted requests From the Wur Department for Indian designs for 
regimental flags for two newly organized regiments. 

In the latter part of October and throughout November, IfiUh Dr + 
John li. Swan ton, ethnologist, was at Anadarko, Ofcla.* where he 
recorded about 870 page* of text in the Wichita language and 1OT 
in Kidmi, besides considerable vocabulary material in both. It 
should be remarked that the Kichai language is rapidly beroraiug 
extinct, hiring now spoken fluently by not oyer a dozen persons. 

During the summer preceding this expedition lie was engaged in 
the extraction and curd-cataloguing of words from his Notches texts, 
md after Ms return he prepared a gnimmati. al -ketch of the 
Natchez language, complete os fur as the material on hand will 
permit, but withheld from publication for a final review with the 
help of Indian informants. This language is now s^ken by only 

‘ h 5£ S»™lptet e d . sketch of the CbitiM*.l*»*”*f ■ «•* "»* 

draft of which It ad already been prepared, and began the extraction 
arid recording of worda from his teits in the Koaaati longuage. 
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Part of liie lime hug been occupied in correcting lhe proofs of his 
Bulletin 7'k <m the Early History of the Creek Indians mid Their 
Neighbors. 

.Severn] hundred cards have been added to his catalogue of mute- 
rial bearing on the economic basis of American Indian life. 

Doctor .Swanton rum)detail reading the proofs of Bulletin Oh, A 
Structural and Lexical Comparison of the Tunica, Chitimmdia, and 
Atukupa Languages, and tin- bulletin was issued In December 1919. 

The sketch of the Chitunachu language mentioned above, along 
with a similar sketch of Atakupa previously prepared, is ready foi 
publication. Doctor Mwanton has a much lunger paper on the social 
organization and social customs of the southeastern Indians, which 
require® a little work for completion, but Is withheld until t Sit bulle¬ 
tin, which it naturally follows, b? through the press. 

Mr, J. N. B. Hewitt, ethnologist, tool; up the critical analysis and 
constructive rearrangement of the three differing versions of Die 
Eulogy of the Founders of the league of the Iroquois, obtained by 
him, respectively, from the late Seneeu Federal chief, John Arthur 
fiibson; tha hit# Mr. Joshua Buck, Onondaga shaman, of Onon- 
duga-Tutdo extraction : and chief emeritus Abnun Charles, of the 
Cayuga tribe—all of Ontario, Canada. 

Tilts Eulogy of the Founders is a very long chant und one of 
marked difficulty to render accurately. In his report for lost year 
it was stated that the longstanding disruption of the several tribes 
composing the league had led to the breaking up of Die pur ts thereof 
and loss of traditions concerning Hie principles and structure of 
the league: hence there are differing versions of moat important 
rituals. In tins tribal organization the Federal chiefs were organ¬ 
ized into several gronjss with definite political relationships. tSfa 
differing relationships implied naturally corresponding differences 
in duties and obligations for the several persons so political!v 
related. 

But since the disruption of the political integrity of the tribes 
of the league and of the league itself by the events of the war of 
(lie American Revolution these relationships have become more or 
less confused in the minds of the people, and hence the great diffi¬ 
culty In determining from the informant* of to-day the correct 
sequence of l!ic names and the exact political relationships subsist¬ 
ing among the several chiefshipa, This accounts for the difficulties 
encountered in editing the three variant versions of the eulogy. 

In v^w of work? recently published on the genetic relationship 
of certain linguistic stocks of California and other North American 
linguistic stocks, and as n result of a conference of the staff of the 

AlIi C it -1“ ,ate linguistic work in California 

Mr. Hewitt critically examined the methods and the evidences for 
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relationship relating; to the Yum on, the Serum* the Toquistlatecsii* 
Waieuran, the Shaba ptiaiL, the LutuumEun, and the Waiilulpuam 
claimed in recant publications by Doctor Itndiii and Doctor Krueber, 
In tin instance did he find that these author* hail proved their casts. 

Mr I lewitt continued the preparation for publication of the second 
part of JfXK[uoims CosmoEogy% Fart I having already appeared in the 
Twenty-first Annual Report of the bureau. He spent coitsidernble 
time in reading the manuscript dictionary and grammatical sketch of 
the Chippewa language prepared by Father Chrysostom \ erwyst r in 
order to ascertain its value for publication and to enable h im to assist 
the author in a revision of the work; and prepared touch data fur use 
in reply to requests by correspondents nften requiring •■onriderablc 
time and most exacting work. 

In June, IftdO. Air. Hewitt visited the Oneida Indiana, residing in 
the vicinity of Seymour and Oneida. Wis. 

The purpose {>f this visit was to ascertain what information, if any* 
these Indians retained concerning the principles and structure of the 
Longue of the Five (la ter. Sis) Nations, or even conceming their own 
social orgiLfiizLition, or the mythic and religious beliefs of their an- 
restore, which has not already been recorded by him. from other 
sources. He found that these Indians hail forgotten the great prin¬ 
ciples and the essential details of the organic structure of the league, 
of which the Oneida before their disruption by the events of the war 
of the American Revolution were so important a iuem1*T f duo to the 
adoption of hinds in severalty about lh>:7, and the admin:btrution of 
their public affaire under the laws of the State of Vi iseonrin. 

Hu discovered that these Oneida apoko u dialect iimrkrdly di fie rent 
from that of the Oneida with whom he \\m already acquainted and 


succeeded in recording a text relating to hunting wild pigeons (now 
practically extinct) at the time of hi roosting * 

From the Wisconsin Oneida Mr, Hewitt went directly to the Tom- 
wandu Reservation to consult with Soneen chiefs, after which he pro¬ 
ceeded to the Grand River grant of the Sis Nations, near Brantford, 
Ontario, Canada* and there obtained an interesting test in the Onon¬ 
daga language, with a free English translation. This test embodies 
an old Tutflo tradition of the manner in which the assbiant to the 
chief was established* and is refoinisrpiit of the early raids of the 
warriors of the Five Xations into the southern home of the ancient 

Xntela . _ 

Info mm turn relating to the internal stntcture of tho tribal or^m- 
nation of the several tribes carefully revised,especinlJj Uu. pWe 
of the seveml daft- with regard to tl.o .yrabohe Cornell and 
therefore their membership in either the male or jo j; ** 

thu tribal orgnnizutinn. Certain sentunrr-'i|'!u<aa a. rr ‘ M '■ „ m 
titfe throughout .ho Eulogy of the FounJoB-ong.n.lly it ra — 
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her—can not be understood without this definite knowledge of in¬ 
terim J tribal organization- os there is constant danger of r on fusing 
tribal with Federal relationships. The interim! tribal organization 
differed among the Five Nations and the knowledge of one or two is 
not sufficient: 

With the aid of Mr, Asa It. Hill as Mohawk interpreter and in- 
formant, the work of the textual criticism of the Mohawk test of 
the league material originally collected by Mr. Seth Xewhonse, a 
Mohawk ex-federal chief* w*s revised* Knowing that Mr. New house 
is a fine Mohawk speaker* Mr. Hewitt induced turn to translate his 
material back into the language from which he had rendered it into 
indifferent English- This translation was not desired for publication 
hut to obtain the correct Mohawk terminology or diction for the ex¬ 
pression of the ideas embodied in the material 

During the year Mr, Francis La Flesche* ethnologist, devoted 
most uf his tifiu.- to the task of prepim ng for publication the manu¬ 
script of the first volume of his work on the Osage Tribe, In Febru¬ 
ary the text of the first volume was finished and the manuscript 
placed in the hands of the Chief of the Bureau of American 
Ethnology, 

The volume contains two elaborate ancient rituals, the fitwt of 
which is entitled “Ga-hF-ge 0-k'o D . Ritual of the Chiefs 51 ; and the 
second w NiMri No^k'o 11 , Hearing of the Sayings of the Ancient 
Men,' 1 These rituals are rendered in three forms; First, in a free 
English translation; second* the recited parts, also the words of the 
songs, m given by the Indians themselves in tlidr own language into 
the dictaphone; third, a translation from the Osage language into 
English us nearly literal aa run be made. Owing to the peculiar 
modes of expression used in the rituals by the Indians, such m 
metaphors* figures of speech, tropes, and archaic forms* it Is impossi¬ 
ble to give an absolutely literal translation. Furthermore, much of 
the language used in these rituals is in ceremonial style and not that 
in daily use among the people. 

On the completion of the manuscript of the firet volume, Mr, La 
Flesvhe took up the task of preparing for publication the manu¬ 
script of the second volume. 

Mr, J. F. Harrington, ethnologist, spent the months of July* Au¬ 
gust, and September, 1D1@, on field duty in New Mexico in pursu¬ 
ance of his studies of the ethnology and linguistic relationship of 
the Southwest Indiana. These studies resulted in a large simnunt 
of most carefully heard textual* grammatical* and lexical material 
from the Tuno-Ts,Iowan family of language?!, the elaboration of more 
than 7ftf> pages of which wa 3 completed for publication before the 
close of the fiscal year. 
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Import tint discoveries in connection tv ltli this work are that Zuman 
ifj definitely ad clod to the T tmoivJowan-TCprosaft-Shofihoneaii ; 
Lind that the religioiis-ceramonml words of Tnnmin are largely bor¬ 
rowed from Zimina and Kevrain* This last discovery hm proved one 
of the most interesting features of the work, for, just ns it con he 
shown that the watermelon nod muskmclom for example, are not 
native to the Tanoan I ml in os because designated by Spanish loan- 
words or by mere descriptive terms* so it can lie also demonstrated 
linguist iniily that the Tanojius have adopted many features of the 
Zuniarj and Keresau religion. Even sorb fundamental conceptions 
as lVunimn, the alwde of the dead* and Sipiipu. the entrance to the 
other world, lime been taken over by the Toucans, e. g T , os Towa 
Wayima and Sip ? o phe. 

At tho dose of September Mr. Ilamhgton returned to Washing- 
ton and was engaged during the remainder of the year in the elabo¬ 
ration of his materiaL Mr. Harrington also performed various 
office duties during this periiftL 

In Angus t T 13>lt> T Dr. Truman Mhhelsom ethnologist, renewed his 
iTOTiirchcs amajig the Eos Indians* which consisted exclusively of 
working out a grammatical analysis of the Indian text of his manu¬ 
script on the White TIufTnlo Dance, in order to make a vocabulary 
for the some. He returned to Washington near the middle of Sep* 
tember, when he iTSumed his work on the Indian text, as well as the 
vocabulary, The manuscript was submitted in March, l&SsO. 

During the w inter Doctor Micholson worked on the manuscript of 
the White Buffalo Dance; ho also spent some time on n rough transla¬ 
tion of an autobiography of a Fox Indian woman written in the cur¬ 
rent syllabary. This translation w as based on a paraphrase in Eng¬ 
lish written by Horace Poweshiek. In the middle of June lie left 
for Tama. Town, to restore the syllnbary text phonetically, to farther 
Work out a grammatical ami lysis to enable him to add a suitable 
vocabulary, to elucidate a rniml*er of ethnological points, and to cor¬ 
rect the translation in a number of plaeei% By the dose of the fiscal 
year he entirdv restored the text phonetically. 

In addition, Doctor Michelson has furnished data for official corre¬ 
spondence. 

PtTClAl. RF4*k.VBCltE£. 


In addition to the fork of members of the staff mentioned m their 
reports above, the bureau hn* employed other! in ethnological and 

nrehcolomeal rejw^rehes. , , « *, , 

Mr. Neil M, Judd, earn tor of Amencan archeology m the l intwl 
States National Museum, was detailed in June, to romplete a report 
on hie work for the bureau in previous sea*™ in sonthenMerii I7tah. 
At the time of writing no report on this work has been received. 


42808 *— 22 - 


66 ANNTM, HEPOBT SMiTllSnSlAN IJ-fSTlTUTiOK, 1090. 

Miss Deiismorc resume*! work on the Pawnee songs on September 
1, 1010. TnsscriptioDG and analyses of 5S Pawnee songs have been 
submitted during the year. These comprise songs of the Morning 
Star ceremony and of the Buffalo dance, the Bear i lance, and the 
Lance dance. In April, 1990, she visited the Pawnees a second time 
and was permitted to enter the lodge during the Morning Star 
ceremony and to see the contents of the 44 snared bundle,* This 
bundle is opened once a year. (It is said that only one other white 
jterson lias been permitted to enter the ceremonial lodge.) This 
ceremonv - afforded an opportunity to hear certain interesting rituals 
which arc sung only at this time. • ,, 

Three manuscript' on Pawnee music have hern suhmitud -luring 
the year. In addition to the Ceremonial material above mentioned 
these papers contain songs of war and of a game, a* well as miscel¬ 
laneous songs and those connected with folk titles. The Pawnees 
were selected as representative of the (.'adilonn stock, according to 
the plan of comparing tlie songs nf the various linguistic stocks. 

About the middle of February, 1920. Miss Densmore licguij » study 
of the Fapago Ti *1 inns ns a representative of the Pi man stock. For 
more than a month she lived at San Xavier Mission, a fioverrunent 
station, among the l’apugn near Tucson, Arizona. and recorded more 
than 100 sungs, 25 of which have been tninscribodj analyzed, and 
submitted. Three subjects were studied—treatment of the sick, dia¬ 
toms of war, and ancient stories. As examples of the psychology 
revealed by mi idea! investigation it may 1* noted that the Pnpggo 
state that all aickneaJ has its origin in the anger of a mythical 
“creator," and that many of the songs used in treating the sick are 
said to have lieen received from spirits of the dead. 

Miss Densmore considers the chief points of the year’s investiga¬ 
tion to lie the evident contrast of pongs of different linguistic stocks 
and the increasing evidence that rhythm in Indian song is more 
varied and important than melody. It is interesting to note that 
the songs recorded by «n individual Indian doctor showed similarity 
in melodic material uml formation, hut a wide variety in rhythm. 
The poetry of the words of Papago songs is of an unusually high 
order. 

In April. 1920, Miss Densmore visited the “Mohave” Apaches 
living at Camp MarDowell near Phoenix, Aim, with n view to 
recording songv among them next season, taking the Apache ns the 
representatives of the Athapascan stock. 

In Jttly, 1019. Miss Densmore visited the Mnnltmi Rapids Reserve 
in Canada to obtain data on the customs of the Canadian Chippewa* 
for comparison with the tribe in the States. She found flT i inter¬ 
esting contrast m Wad patterns and collected considerable informa¬ 
tion on their general culture. August 14 to 30, 1919, she worked on 
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the botanical section of the book on Chippewa Arts and Customs, 
this section comprising the use of plants 21s food, medicine, and 
charms. 

Jin David I. BushnelL jr., continued flic preparation of hb manu¬ 
script for the Handbook of Aboriginal Remains East of the Rocky 
Mountains, ami in the course of ids work has prepared a bulletin 
entitled “Native Villages and Village Sites East * f the Mississippi” 
which has been published as Bulletin GO, He has also written Bulk- 
tion 71, on " Native Cemeteries and Forms of Burial East of the Mis¬ 
sissippi/ 1 the final proofs of which have Wen sent to the printer, but 
the work has nut yet been delivered to the bureau. The favorable 
reception of these bulletins, as indicated by the many applications 
made at the office for them, b gratifying. 

Jlr, Bushmill also gathered notes* map?* emit pnofeographa 10 be 
used in the preparation of two manuscripts for the bureau. One 
Is to have the title, “ Villages of the Algonquian, Simian* and Cad- 
demn Tribes West of the Mississippi the second, “Burials of the 
Algonqiiinn, Siouan* and Caddoau Tribes We?t of the MississippL” 
Tliu former is nearing completion, and both should be finished dur¬ 
ing the no At fiscal year- 

Idle result* of the archeological worK in Texas under Frof. J. E. 
Pearce, for which a special allotment was made, are important. 
HccounoiKsance work has been done in the eastern* middle* and west¬ 
ern parts pf the State. Indian mo Linds at Athens, in eastern 1 cxns* 
lit*vn yielded pottery akin in form and teclnnque to that- of lira Mis¬ 
sissippi. suggesting cultural connections which have n< yet not been 
completely traced. In western Texas the group of pictography at 
Faint Bock hns been given especial attention. They are little known, 
as they are at present seldom visited by tourists, This scries of rock 
pictures is important enough to t*e perfected by law. The present 
ovrrn r of the ranch upon which they ure situated 5 recognizing their 
ini port once will prevent vandalism* 

The work was mainly on the antiquities of central Texas, where 
intensive work was much to be desired. Professor Pearce, who had 
charge of ibis. work, believes that the mounds in this part of tho 
State are kitchen middens and that they were connected with the 
first men wfyo came into this region. He is also of the opinion that 
the culture which they represent was much cruder than that of the 
historical Indians; that they ktraw nothing of polishing stone or of 
pottery making; and that for thousands of years they were the only 
occupants of the open prairies and plains of central and west Texas; 
and finally, that their life was little modified during the entire period 
of the formation of the mound*. Professor Beared report is so 
promising of results that work in Texas will be corifaunrd another 
year. 


6S akjstval repout smitpso^tas issTrrrrios, ik». 

Although the aboriginal monuments culled mounds ud stone 
graves of the Cumberland Valley have been investigated by several 
well-known archeologists, it appears from the researches of Mr. 
IV, E. Myer. of Nashville, that much remit ins to bo discovered i:i this 
region. Under his guidance the chief visited the rdKtriginal mounds 
on the Harpeth Biver at Old town. Custalian Springs, and c Lew here. 
It was seen licit while many of the smaller mounds have been plowed 
down by cultivation of tho laud the larger ones still bear mute evi¬ 
dence of tile industry of the builders of thc.se structures and the mag¬ 
nitude of the population. 

Mr. Myer lias transmitted to the bureau a manuscript oil the un- 
tifjuilics of the Cumberland G alley, Tennessee, the results of u life¬ 
long devotion to the subject. 

Mr. Otto Mullery has presented to the bureau a valuable pueblo 
collection from the ( huma region. New Mexico, made by Mr. ,T. A. 
Jouncou, who hud charge of the work, and has transmitted a report 
which is now being prepared for publication. 

Mr. Oenird Fowl® was given a small allotment for an archeo¬ 
logical recounoiasauce of the Hawaiian Islands, l ie began work in 
May and reports important results which it is too early to detail at 
this time. 

MANUSCBIFTS. 

Tho following manuscripts, exclusive of those submitted fur publi¬ 
cation by members of the staff of tiie bureau and ito nd laboratory 
were purchase*!: 

Wawehock Texts,” by Frank S. Speck. 

u History of the Jesuit Mission in Paraguay ” The original manu¬ 
script, being an English translation by Dr, George Spence, from the 
original French manuscript of the Abbe Jo. Pedro Guy. Cure do 
Uruguayan a. 2voIs. T 4to. Circa. 1880. 275 pp. 

*‘A New Guarani Grammar,” the original manuscript complete, 
being a translation into English by Dr. George Spence frum the 
French manuscript of the Abb6 Jo. Pedro Gay, Cure do Uruguayan a. 
2 vote, 4to. 

w Manuel de Conversation en Francis, cn Portugues, on Espanol 
cn Guanuty Ahaficeme par le Chauoine J. P, Gay, Cu^ de Uru¬ 
guayan a,” arranged in four col umn s. 

“ NYiuvellc Grammaire de la Limguo Gmrany e t Tupy, etc. oar lo 
Channine .1, P. Gay, Curt?, etc ” 188 p. t folio, 

“Mappa geographic® du republica do Paraguay pel 0 conego Joao 
Pedro Guy, pel® cngculdero Fatfx Ah. Grivot." 188L 

A copy of u Manuel de Conversation ett Franck, cn Porto cues, 
en Anglais*- en Espanol, on Guarauy Abafienos.” Arranged in five 
columns. No date* 
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In addition to those purchased Mr. Edward M. Brigham has sub¬ 
mitted for publication a valuable manuscript with many plates on 
“The Antiquities of the Morajo,” Brazil; and Mr. \V, E. Myer, of 
Nashville, Term.. a manuscript on “The Antiquities of the Cumber¬ 
land Valley uf Tennessee.’' “A Chippewa Bible History in manu¬ 
script in four volumes. 8vo. A. D. 1S96-1S01,” was presented by 
Fr, Chrysostom Verwyst, O, F. 111. 

EDITORIAL WORK AND PUBLICATIONS. 

The editing of the publications of the bureau was continued 
through the year by Mr. Stanley Searles, editor, assisted by Mrs. 
Frances S. Nichols, The status of the publications is presented in 
the following summary: 

PTTUJCitJUKS iasuzj>. 


Thirty.mrd Annual Krpf.rf.—AeMunpimylag papers: Cl) U«es of Planes by 
the Indiana of the Mlaaourt ltlv^r Region I Gilmore): (21 Preliminary Accotmt 
»f rim AuttanllEes of Die Region lrntwesu the Mmu ob awl Ij» Plain Rivers in 
southwestern Cotorwlu (Morris 1; (31 Designs on Prehistoric HojU Pottery 
I Ferine); (-1) The Hawaiian Romance of Lale-l-lcn-wat (Beckwith), tm 
PP- Slfp pin. 

Ttijvi* jippniiH fmjn the Thlriy-thSril Annual Report. 

uudetin ftf.—Ilsmiih^k uf AUorl*hiul Amertffm Antiquity (Huliuuaj. 
m tvh 

RuUetm El—Structural and CfHDptrlflaii ot the Tsiwkn. CMtJntffcelin* 

and AMiknpfi Laagnufcs (fhvAntun). W PP- 

itu1t#J4n (*9 .—Nat hr Village nail YUIacv Sites IIubl of the atlssteslppi 
f BlltftiUi.-tSh 111pp. 17 pfciL 

Hutlettn 70 .—Prehistoric Vllln«»* Cities, and Towra |Ftwk*a). 7S» vP 

XI 

rpyiJr-ATJONfi ntn^ on nucraSATOWf. 


Thirty, fourth Annual fir-port—Accompanying impe*: Preklotutlc blond €nU 
tune Arras of America {Xafftaih 

Thirty- fifth Annual Itep&rl,— Accompany liig super: l 1 ’thnoI<>^ of the » 
kititl (Bo«> + 

thtrtySxtK Ann ml Report,— Aecranpanylc^ imr: TUe Osage Tribe iUt 
Fleacli*>. 

Thirty ^rmth Arwvul R* 7 *^—Accompanying F««« The WumeUiP Tribe 
I Urn Huh 

Thirt^iffhth Annuni Report .—An Itfrodnrtnry Study *f Um Arte, Crafts, 
Juki Customs of tilt* Gultiiin Iwllnns 1 TfritEn. 

Hnllctin C 7 -—Alaen Texts anil AIfUi-M FriielitcitlK'riil. . . 

1twJC.fi ,1 7L—Native Cemeteries ami Form* of Burinl Last of the 1 I h 

(ItuHhmin, . . .. . 

Bullet in T*.^Tbo Owl Sacred Pack of the F<-s tmhaiiN I MU h.-l BO ti - 
ifnffefta 73 - Early Btstoi? of the <*re.-k Imllnju and their Ndshbom 

Bulletin 7i— Excavations at BnuUaiPh Ahaltzotl*. D. P-, Mexico iTuzzm). 
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HuJlrtin ——Arelweloek-ai lnv^tleutinns in tte Owirk of i >mml 

Ulifwori fFuwke). 

Bvllcikn —NgrUitra Ute Musle iDpniinoreL 

/Ihiirfto ■— ,—Miinilaiii nt±i\ Hithitan ilusk i EIhihuicwL 

Bulletin — *—Handbook of the latiLiiu* &f ttelLfinnilu (Kn^t^r). 

DISTBIBUTlOX OF PUBLICATION^ 

The distribution of publications has been continued under the 
immediate charge of Miss Helen Mactroe, nested bv Mies Emma It. 
Powers. Publications were dietritiuted ns follows: 


Annua) reports urn] _ _ 

Jiullrtlns nnd separates^ ____ 

OdOtTftmitoii to North American ethnology __ 

tartNii iiihiil* puhl Jott tm^ — . ____ ^ j _ 


— ^311 
, lS f fl80 
—— 32 


Tots I- 


U\ 8th'E 


As compared with the fiscal year 15119, there was an increase of 
publications distributed. Fourteen addresses have been added 
tn ,ij ‘‘ w*il«»g bat during the year «n.| oh dropped, mu kin- * Ml 
decrease nf 14 . 


ILl.ttSTHAT l‘!X>' 


Mr. De Lancer dill, with the assistance of Mr. Albert E. Sweeney 
continued tin* prepa ration r.f the iUuHtratioiui of the bureau. A 
summary of tli Lv work follow:-: 

Vtwlnctf&te print* for Oist rmtlrn nml otUw ns**. 


Ni fatJv^ n t uihiMplo^ic amt arctwOlt^gfe SilhJeoL-. 

Nvtfallrt* Rlrsifl »lr v^trumt from tk^M _ 

E*hot ■ rttiit [irlntM iimtlc frtuu aiilJ ntiintli^rlp 


mo 

ii 

10D 

2H0 


350 
315 
— L m 
- En20Q 


lU.YUTlLJkTMXfi i JlEl Alirxi A*U Hk SWITTI^ Jim I , DIlL||'AT|nN. 

Hmtosniplii rct™Jn*1 ami otlienrise^ ___^ 

li&e fiatS volar i] rawing_ .-. _ 

I Him mt Ion proofs rijitad __ ^___- — 

Uthogmplilc proofs ^MUkliiorj ni Ommstipem Print ia^ Oflk^ 1 

uniuitv. 

T1.C reference library rentin.. in lh , ; mmRj |, to , JB 

EIU I«ry l.l.m„»i..« 8 ,a 0 | by Mr. Ch.irlos 1). J™, 

Dm,n P ll,l ‘ • v “ r *® b “>b »«re eerwsioneil, of irliirh 140 were 
.wioire. by purehue end M> by gift ud „ A ' v , 

by bredmg ere i„eluJ„l in u,,., TheZ£Zta 

£"**£'. , C “S >*™ved through e^benee. The 

rare h«8 ebo reeeivc .1 SCO p. m ,Aletj. The celelojue of the b™.i 

























ttXFORT OF THE 6ECRBSCAaS, 


71 


now records 23,380 volumes; there lire about 14,503 pamphlets oik! 
several .thousand unbound pcrioiliculis. 

Successful effort has liefin made to complete the sets of certain pub¬ 
lications of scientific societies and other learned institutions, lor the 
use of the members of the stuff there has been prepared and posted 
copies of a monthly bulletin of the principal missions of the library; 
also information bus been furnished and bibliographic notes compiled 
for the use of correspondents. 

During the year the work of cataloguing has been carried on as 
new accessions were acquired anil good progress was made in cata¬ 
loguing ethnologic and related articles in the curlier serials. . 

Attention has l>ccn given to the preparation of volumes fur bind¬ 
ing, with the result that 502 I wilts were sent to the bindery. Thu 
number of books borrowed from the Library of t ongress for the 
use (J f the staff of the bureau in prosecuting their researches was 
about 400, 

A pressing problem is the congestion of hooks on the shelves. 
For some time the library has been overcrowded and we are now 
tuxed to iinrl room for the i"UFTftnt juwssiona. 

The library is constantly referred tn by students not connected 
with the bureau* fts well as by various uflWiils of the Government 
service, 

COLLECT! ijsh. 


The following collections acquired hy meirifeers of the stall of the 
1 1 urco ii * or by those tie touted in connection with its researches* have 
l«n transferred to the United States Nulioiwl Museum; 

Archeological objects collected in Cottonwood Canyon, Kane 
County, Utah, by Mr. Nell M. Judd, during (lie spring of 
Arcesrion 83841, 257 specimens. 

Archeological objects (748) and skeletal remains (24) collected 
for the bureau by Mr. Gerard Fowke from Miller's Cave, Missouri, 
during the spring of 1019, Accession 64150. > *2 specimens. 

Archeological collection, including human bones, from Sell's and 
Bell's Caves, Pulaski County, Missouri, forwarded by Mr, Gerard 
Fowke. Accession 0-1198,83 specimens. 

Archeological materia! from Tesrm, githered from the surface by 
Dr, J. W. Fcwkes and Prof. J. E. Pearce in the autumn of 1919. Ac¬ 
cession (34243, 165 specimens, . , 

Sculptured stones of Hmurtec culture, presented to the bureau by 
Mr, John M. Muir, of Tampico, Mexico. Arevssion 64240, 5 speci- 


Three fine hardwood bows and three ceremonial club® ^ Brit¬ 
ish Guiana, and a blanket of the Cowu-ban Indians (fcalish). Aortli- 
west Const► Accession 64^7, 7 specimens. 


72 ANNUAL REPORT SMTTHSOSIAlf IMKnTUTlOJf* 1«M, 

Collection of arcbeologicnl objects (968) and skeletal material {1C 
specimens). together with ethnologic* of the Apache Indians (4 
specimens), obtained in Arizona by l>r. Walter Hough during the 
spring of 1919, Accession C4G03. 282 specimens. 

Collection of archeological objects (212) ami two human skulls, 
gathered by Dr. .1, Walter Fewkes. at Square Tower House and con¬ 
tiguous ruins on the Mesa Verde National Park, Colo., in cooperation 
with the National Park Service of the Interior Department in 11*1$. 
Accession G4G4G, 214 specimens. 

Archeological objects {44(3) and skeletal materia] {fi) collected by 
Mr..[. A. Jeancon in an ancient ruin near Ahiquiu, New Mexico, for 
Mr. Otto T. Mollery during the summer of It) 19. and presented to 
the bureau by Mr. Mallory, Accession GfftSJi. 151 specimens, 

rnoPKBTT. 

Furniture ami office equipment was purchas'd to the amount of 
$102.73. 

at isoUiLaveocs, 

PammUL —The position of Honorary Philologist, held for see- 
oral years by Dr, Franz Boas, has been abolished. 

Clerical. —Tho correspondence and other clerical work of the 
oilier has been conducted by Miss May S. dark, clerk to the chief 
Mrs. Frances S. Nichols assisted the editor. 

There has l>ecii no change in the scientific or clerical force. 

liespetrtfoily submitted. 

J. Walteh Fbwkes, 

Chiefs ffumw of American. Ethnolooij, 

Dr. Charles D. Walcott, 

ton/a^. Suutfaoman l>\*titution. 
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REPORT ON THE INTERNATIONAL EXCHANGES. 

Sis: I Imre the honor to submit the following report on the opera¬ 
tions of the International Exchangs Service during the fiscal year 
ending June 80, 19-20: 

The congressional appropriation for the support of the service 
during the year was $45,000, an increase of $10,000 over the umount 
of the regular appropriation for 10li>. This increase was mailt* 
MWK»ry in order to meet the cost of trtsnsportotioii at the prevail¬ 
ing high ocean freight rates on shipments of accumulated publica¬ 
tions for certain countries. The usual allotment of $'200 for printing 
and binding was allowed by Congress. The repayments from de¬ 
partmental and other establishments aggregated $4,992,96, making 
the total available resources for carrying nn the system of exchanges 
during the fiscal year 19*20 $50,11)2.90. 

During the year 1920 the total number of packages handled was 
309,372—an increase over the number for die preceding year of 
98.512. These packages weighed a total of 496,378 pounds-—a gain 
of §04,460 pounds. These im-rea^es in the nunilaw and weight of 
packages handled are in-counted for by the fact that during the year 
shipments were resumed to several countries with which exchange 
relations were suspended during the war, concerning which a state¬ 
ment will lie made Inter in this rejtfsrt. It is gratifying to state that 
the work of the office during the past year exceeded by 27,71)5 puck- 
ages the unrulier handled during the fiscal year J9L4, just prior to the 
outbreak of the World War. 

The number urn I weight of the packages of different classes arc 
indicated in the following table: 



fV-IcncHr. 

Wulrht. 

Smt 

IEe'HIvbl! 

Pent, 

Ii«*3v&L 

1 JaLErnS ivtTl£ifn^ritarj ilficuttwn ffi Mini thraul ■ — 1 * #** -*-* - ■ 

in rvtum tot fiafEiiuwEitiifT liKimrftiU T . 

I FI 1 1 P *1 HUlfifH ftmmi Fnl if MihuH ill Wit Ikld^Ulj] i 

tU,SBi| 

IH.rKfl 

SC.i'M 

•I,!#* 

J'riunJj. 
m ,T2L 

m r Lir 

JAn n *li. 

11,451 

l 1 ahl tentiubirtvrh Til [a reiinni fcx JrjATfiitwtiLaJi tianmrtaL t*- . 
HJnAliMiLU *d«i titlr itncE UWff putiBwM" s^ni , - 

ifktntlGe nud Ihwiht imfeiirtlEtw ft-wJvnl from 
fur iLl.ilrLtniEEini 111 Min irniEttiBISHff, T * + .— ■ 

it.th 

Mil 

Ttifal.. . t __ . . .— . 


34*» 
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Omul 1 dUl . ... ...- 1 
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Packages from foreign countries frequently contain more than one 
publication. The returns from abroad, therefore, are larger than 
would be supposed from a casual glance at t he figures in the table. 
Even allowing for this, there Is still a disparity between tlm number 
of publications sent and those received through the International 
Exchange Service. This apparent one-sided ness* however» is largely 
offset fay the number of publications rend veil fay governmental and 
other e^abliflhmrotg in this country directly through the mails fit™ 
abroad* Several years ago (IfeOT) the Institution brought this sub¬ 
ject to the attention of the various bureaus of the Government and 
offered to make a special effort to secure fur them more adequate 
returns for the publications sent by them through the Exchange 
Service to foreign correspondents- While several office* tnok ad¬ 
vantage of this offer, and a large number of foreign publication* 
were received for them by the Institution, many of the bureaus 
stated that the quantity and value of the publication* recei ved* either 
through the International Exchange Service nr dimit by muil. were 
eomdderrnl an equivalent for the documents sent abroad- <*? nota¬ 
tions from some of the letters are given below: 

rrrtJit mut (imdetir Survcij ,—Not all of onr pubUcafclOBii forwarded to forcj h T» 
nUfiriv^K nr* sent Eu aDtlflradoa of exchanges to In- reedted by this humur 
Many are sent to null vidua hi from wham eu return i* oxpectei I rtik# U tlmt 
in like EiiumiL-r ninny foiUvEdujilH, ell I kohs of tin* United *StiUts, nrr favored with 
xmhlioidoafi of In tercet to ihem put out by foreign * teveriimtciix I think we 
nr? t»vv reeidvSuK n\\ of the publ lent Iona of other flovertinjeula In which we nm 
UiterptftinJ. Muny of those recivli us Eftmogh the mnfK 

U’ccrffti.T /Jwrrtftf,—It Is believed Hint Hip lmroitu ftlreudy mweive* atfequ&ta 
returns from Its foreign tiirrrapotidentfi. most of w hom wod their inibllrtitlonH 
hy mail direct, 

tiffin' rtf the Chief of JStaff .—Many of the axchaneca ore twelve*! by the War 
Department rn>m our military Hitachi nbmah all of wluun bnve pouch ftecvJce 
ihrmFRh ihe Iteporfment of Slat?, which probulily account* It irgptj, If not en¬ 
tirety, for the le^-w nvitnNr of parkn^ received than Heut- 

\aulleal Afmttttnr Office .—The EphemorH In- 3njz bttniod every year* tunica 
the volume of our publications larger then Unit of most obefrrviituries, and on 
that account anything like on equality In the number of package# exchanged 
con nut 1 m- expected, 

fEarvou of i'ureif/u rm4 Duituwtiu Ct>tfitnr*c *.—®ie eanae of the e **cvx u f 
UnetugcH sent by this bureau through your exchange a* C0fiii»circd with tho^ 
received for It H ns you arc probably aware* limt tlUs department Imis no 
adequate approprtn&oii for Use laymen t o£ postage on packages sen t abroad 
iiml Id therefore oUlned to avail! UwAf uf the teller expense of them 

through your InFTdtuttef], white foreign GovemmenlH Iti moat ossh pay tlio 
pretax on asrtiftn^efi mid mall them direct in thin bureau. 

Furfftm I flenerat** Office, War firpartmmL~mte roltunefi tif the Inde x Cnifl- 
\ovac r the only pubAlnuloKi of ibis adlee now --tu ihnm^h Ojo Rmlthsoulan 
ExclmiiKe Si^vuv. hava been forwarded oiuntnhy to thu Ubrnrion of the mmt 
important medkal ami other scientific tiatEiistlana in forvto ftmntries—Itwtud 
Nf lhe universities In I'funco ami tienminy—receiving* In return* the thM 
ami dlssertaUdia of the nnlverxltlea uml HUdi puIslLentloiuH uh the other umtb 
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tutlun* Issue. A very Imp uutuber *rf exclumgt’S nre also received ihnuuli 
our agents Jn l-*iudud F Parley tiud ebPewhrro. The iiM rwnliixj from tbe Smith- 
Kouinu Easlltutlcit tti rorwunjintf and receiving: Usc^m cxctumira tun not be 
overestimated, but It Li twdJwLil that we are receiving n foil return fc«r the 
estltiiititris tbut are n» .w heJng went oat 

f-HtfrtJ Jftatfcui J*affwi Of!^.—Vour otTer to undeuvor tu Incmi^e the fortlpi 
exdumges of tills crfTtra throui^h yuur IftKtitutlou is tirifireciafed, but It h re¬ 
ported lo like by the Librarian rhnt we new receive nil the puhUeatfu&H which 
ure GOUnblered T-» be of value Iu the work of this bureau which enu be heettred 
in i Iim i vrny. 

fVjuipirfWler of D*r Cut-frHe #.— Tlse purfcoueH from tins* bureau sent through 
dao Smith-Henlfni Institution are mmaml re|wt& «f lhe eoEupcrotler* prac tlniHy 
nil of which tiro addressed to Individu*X» or corporations, from whom m ra- 
tnn!-= in* expfctetL 

Jiiinoo of Yaviffattm* Department of Comoirm\—The bureau WMiveg ample 
mum for it* ptibU*nlou« sent nbro«±t Indeed, In find In mart*?** our 
foreign i^ehun^is mrcM cimahlcnihly otir ptiblkatitarw w’ul abroad* I have 
ttutlred, however, that It b& Hie jirurtire nf oeir furHsm cflffeap oiidCTrtii to ee&A 
their paekagetb pamphlet etc* diri'citf to till# bureau through the mnll-v 

In my last report 1 stated that the service hat! not put on 
a prewar basis so fur as the forwarding of consignments abroad was 
concerned. Shipments are still suspended to Austria, Germany, 
Montenegro, liuujjuuuiij Russia, Serbia, and Turkey. The opinion 
was expro^ed in fast yearns report that it wtis not advisable to for¬ 
ward coimigiidJuiLts to the aboYO until the peace treaties with Lite 
enemy countries were finally ratified by the I nited States and the 
internal conditions in the other nations became more settled. Trade 
relations having l*ecn resumed willt Germany, Austria, and Hungary, 
the 1 nsL [tLit ion took steps to reopen exchange relations with them, 
and just before the close of the year shipments to Hungary were 
resumed Montenegro and Serbia now form part of the Serb-Croat* 
Slovene States, and the Institution lias taken up with the authorities 
of that State the question of the interchange of publications* Inter¬ 
nal conditions in Uotimxuia having improved, the Botimanian author- 
hies have been asked if they are ready to renew the exchange of 
publications with the United States. Nothing can, however, be dene 
concerning the reopening of exchange relations with either Russia 
or Turkey until conditions in those countries reach a more normal 
bonis. 

The Bulgarian foreign office, in reply to a letter from the Institu¬ 
tion conce rnin g the reestablishment of exchange relations, writes, 

under date o f July 8, that the Bulgarian Government eagerly accepts 
the proposal of the Institution* Shipments to that country will, 
therefore, be resumed in lhe early part of the next fiscal year. 

An exchange of publications was inaugurated during the yearwith 
the CzedioBfovuk Republic, and the Polish Government will he 
approached eonceraing the exchange of publications soon m con¬ 
ditions in that country bocsbtne more settled* 


7G AXITOAL REPORT S1QTHSOSTIAN ISKE* 

Before the war shipments of international exchanges were made 
to Finland through the Nurlan exchange commission at Petrograd, 
Now that Finland has become an In dependent State, consignments 
are being forwarded directly to that country. 

The prompt dispatch of exchange consignments to foreign coun¬ 
tries was greatly interfered with during the year, owing to railroad 
freight embargoes and marine striker Transportation of boxes to 
New York was further interrupted, owing to the serene winter* Dur¬ 
ing the latter part of the year railroad freight berime very much 
congested, especially in the vicinity of New York, which necessitated 
the placing of a general embargo on all freight* This required the 
suspemdon of the Institution's shipments for over n month. The 
official character of the work carried cm by the exchange service was 
brought to the attention of the railroad authorities with the request 
that a permit lie issued granting the Institution {lermbsion to for¬ 
ward its material to New- York for transmi^ion abroad. When the 
railroads began to exempt certain sTasse* of freight from the embargo, 
the Institution was given authority to send its csonsignmcnU, 

Tim Institution bas t in a few rendered aid to various estab¬ 
lishments in procuring publications relating to some particular sub¬ 
ject in which especial Interest was man! fitted. 1 inny refer to one 
instance in this connection: The counselor in charge of foreign rela¬ 
tions of the municipality of Prague wrote to the Americom Legation 
in I but city that 3m wished in establish better cultural and intellec¬ 
tual relations between the University of Prague lUid tha various 
American universities, ami that with that end in view 3ie was desirous 
of receiving catalogues giving the courses offered by those universi- 
ties. The counselor abo expressed a desire U* receive documents con- | 
ceraing the functioning of the governments of American munici¬ 
palities and their methods of solving economic, social, and political 
problems. Th* matter wa* brought to the attention of the more im¬ 
portant American universities and of the governments of the larger 
cities in this country, from whom considerable material bearing on j 
the subject was received and forwarded to Prague. 

In March, 19*20, a letter was received from Dr* S. G, de Vries, 
director of the Bureau Solentifkpie Centro! Neerlandaifl, Bibliothequo 
dc rUmvuralhv Leyden, stating that on account of the condition of 
lita healtli he was unable to retain the management of the Dutch 
Central Scientific Bureau (the Netherlands Exchange Agency)* and 
that Dr* II* II. ft Borfofa tteyermans, director of the Bibliothique 
de PAcadfinb Technique Delft, had succeeded him in the moaage- 
rnent of the Dutch bureau. Shipments for tlm Netherlands are there¬ 
fore now forwarded to Delft. Doctor do Vries had been head of the 
Dutch scientific bureau for IS yearn, during which time the inter- 
change of publication* between the Netherlands and the United 
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States was conducted in a most efficient manner, and I desire to 
record here the Institution's appreciation <if his services in promoting 
ttie interchange of publications between the Netherlands and the 
United .States. 

The National Committee of the United -States for the Restoration 
of the University of Louvain in Helgium, which work is being con¬ 
duct oil under the direction of Dr. Herbert Putnam, Librarian of Con¬ 
gress, collected and scut to the Institution for transmission to that 
university up to March, 1920, over 12JMXI publications. The forward¬ 
ing of these publications required 1 nixes, measuring 707 cubic 

feet and weighing 25,423 pound*. That shipment was the largest 
single consignment ever forwarded through the Exchange Service 
to any address at one time. It was greater than the combined hulk 
of the shipments sent abroad during the entire year IS"I. The Insti¬ 
tution is still receiving books for the University of Louvain, and these 
will he forwarded at a subsequent date. 

Occasionally complaints are received from foreign correspondents 
that transportation charges are made on packages sent to them 
tlirough exchange channels. Such a complaint was recently received 
from an Egyptian correspondent. The subject was taken tip with 
the Government ThibJications Office it Cairo—the Egyptian Exchange 
Agency-—which replied that henceforth that office would deliver nil 
packages under Government frank free of expense to the rpipienls. 
Tibs action on the part of the Government Publications Office is very 
gratifying, tis one of the principal provisions of the Rrnssels Ex¬ 
change Convention of 1886 would be defeated if any transportation 
charges were exacted from consignees. While not nil countries were 
parties to tlmt convention, most of them adhere to its provisions. 
I may add in this connection that packages received from abroad for 
distribution through the Smithsonian Exchange Service are sent to 
their destinations by mail under Government frank. 

During the hitter part of the year a teller was received from the 
Victorian Exchange Agency stating that the 1C lioxes (Nos. 852-863, 
9739-9740, 9794-9793) sent in its care under date of December 29, 
1919, were lost at sea when the steamship Marne was wrecked off the 
const of lhmama. Four of these lioxre contained the regular scrire 
of .United States" governmental documents for deposit in the public 
library of Victoria and in the library of the Commonwealth lVlin- 
merit ‘ Duplicate copies of these publications were forwarded to take 
the place of those lost The content* of two of the boxes were for the 
Uommoriwealth War Memorials Library, and the Library of Uon- 
press, the sender, has taken steps to duplicate the material. 1 he re¬ 
maining 16 boxes contained miscellaneous publications for various 
address in Victoria. On account of the difficulty of deform mmg the 
contents of the packages contained in three latter Iwxes, it was deemed 
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best to hi ihc m utter re&t until requests lor the missing publications 
tit) received from the addressees. 

During the year bones were used in forwarding exchanges 
to foreign ngendcs for distribution, being an increase of IJVpO over 
the irnmtNT for the preceding 12 months. While thh is 21 very large 
increase, the total number of bones represents nUuit the quantity 
msed during a normal year. 

Of the total number of hoses forwarded* -M2 contained full sc is 
of United states olfirhsl documents for mithnrizH dcpositorieK and 
%m included departmental and other publications for depositories 
of partial sets and for miscellaneous correspondents. 

The number of boxes sent lo each foreign country is given in die 
following table: 

C r &H4fpn»UHit4 of erefmn&c* for foreign cuanfric*. 
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FOREIGN DEPOSITORIES OF UNITED STATES GOVERNMENTAL 

DOCUMENTS. 


Tn sieoordance with treaty stipulations and tinder the authority of 
the concessional resolutions of March 2. IS07, and March 2. IBOl, 
setting apart a certain number of documents for exchange ^ith for- 
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t*L*m countries, there are now received for distribution to depositories 
abroad 50 full sets of United States official publications and 3- par¬ 
tial sets, two depositories having been added during llu } ear. ns 

referred to below. . _ * . , 

An arrangement for an exchange of a full set of officwl document!. 

between the Governments of Czeehofslnvatia nnd tins t L - a ^ 
was entered into In the summer of 1919, but the details of transnn- 
aiou were not perfected until near the clew of the b-< a vtai. aiu 
the first shipment to that country will be made during the mouth of 
July. lfK?n, Tt might be added as a matter of record that the con- 
sign men l will consist of 25 boxes containing gn^crurnt til x _ i m n 
merits received at the Institution since January 2*, 1919. Cwc *■- 
slovak Government Iwing requested to send to the ni ‘ ‘ ^ cs 

copies of its own documents covering the same P®r ,( * . f ,s l ’ u ‘ ( . r 
stood (hat the publications from this country wi 1 leposl/ in 
the Ministere dc flnstritction P oblique ai I raguc. 

In August. 1919. the State of Bio de Janeiro was added to the Hat 
of those countries receiving partial sets, fhe documents an < t 
posited in Urn Bibliotheca da Assembles. Legislation do Estmlo «Lo 

Kio de Janeiro in Kiclheroy. . , _ 

Since Alsace-Lorraine has been restored to France the Biblu 
rhccpie Universitnire et Itfgionale de Strasbourg has been designated 
as the depository of the partial s-ei sent to that province. 

The depository in Finland since that country established itsiinde- 
pemdence \ms iKwn changed from the Chancery i f mvemor o 
Central Library of the State. Helsingfors, 

A complete list of the depositories is given b.-low . 

ppiwiTOnita iff ITU- 

Abhesttka: MintMoiic tic Hi Indent* EmoHorw, lliicnw Aims. 

Aiiuiuia : Library ,,f Uh ‘ Comnwawealii PaiUwncnt, Hettwurne- 
At .HTiiTA : SmtlHiigrbc Zen t ral-K nmm v Lcwm. 

Bunt: T ' nI tctbUH tfi-HIMkiitict, Kreftw* (lKtjw«lion " r '■* Slfltc ot u ' 
Bavajha - si;i il tvisihltntlick. Wool**. 

Humic*: BlbUolli6f|t»e Hoydr. Brawls. 

nsiiiioTlincn Noclnool. 'M* Jnn<!!ro - _ ,, , n -- 

Brant, A„ w : BlbUotea de la Unlvewldad Nadt.nal Iff. PUis. UVpod 

tori' of the Province of Buenos AI res. > 

CAil.,: Library of Purlin modi. Htinwa- 

Cnm; BlhlMcai tlel rnnKresn Nselntisl. SunMnco. ^hnnchnl Bu 

Cm*A: AmcrJcfla-Chine*. WM**** ExcRon^ Apartment. Shansi n. 

Torn iif Foreign Aflblre, SlmngML 

(’oiovmA; BUitlntfcii Nndonnl, Enact*. Pnhllwdon™. Sm» 

Costa Hksi; Ofirfn* He HepOsU" y Carfe Ictenmclnnni n, 

J " 1 ^’ , . wf.rnTc r CnnJe intemndonoil. 

Cmu.: secretarla tic Ertado (awiiuw (.enemies 7 “HF 

nflbniia. 


£0 ANNUAL EEFOKT SMITHSONIAN institution, im 

Cbetrrrfwr^AEiA: Mlnlnifav de riiutrunllun PiiMhiue. Prn^ue. 

Uhtmaiik: Koii£oIIep K Ihl lotlickel s f 
Krtoukiip; tfrljhdi Muwum* I^hdrm, 

France- Hlbliotht-qUrf? National^ PnrK 

Germany: I’k-iitwhc KeIrfitfLajp^BLh!hiUu>k. BerUth 
Gr.AJiisnw : City LfbrnrEsiru MllrlieU Liliniry* Glft^nw. 

Greece : BlNIIoEh^iii-L" Niiti«mak% AKtti*u& 

Haiti: SecretAire d'fiiut dro Botatfoim BxHMmrra, Pori mi Pilot*. 

Ili'PfdAirr: RtmffiErlao Hchirc of Deleon ten* Bmfaivrftf. 

Imjwrlul Library. Calcutta. 

Irklatto; Natlonn] LMmiry of T rotund. Dublin, 

Italy: BlMlotfiOl Nfisdopiule Vittorio Km jimmlc, llutne. 

Jahlk? Imprint Library of Japan* Tofcyu. 

London Rcfaoo1 of Ecimomfc mid PullUml Sidi-m*. (Depositorv of 
iTio London County OmaclL) 

JIanttoha z Pwvlndfll tjlifity. WJtmtpcjL 

Mmro: IiifFtlcubi Blblii^rutlro, JllblJotecR Nurlonnl Musko. 

Kethsbl^l^: Blblluthcck vmi dv Stat«^Gf9H>riinl, The Ha£ ul% 

New Sorm Wajjjj : Public Uhrury of New South Wiilea, Sydney. 

New Zealand; (icmrnt A^mMy Library, WeHtogten. 

Norway: SjurthlngetH ttshlloElmk, ChrUdinnliK 
Ontario : Lt^E^luUvu Library, Turool - 
Pam in : Prefecture tic 111 Seine. 

FekO - Efbltotem National* Lima. 

PfumTf.AL; DlTd lol brea National* LLdHm- 
Peubbia : KlhainFlebi-- BlblJotheb. Berlin, 

Qltuec: Library nf (he Legislature ef tin- Fmtln™ or Quebec, Quebec 
Pnri i amen I ary Library, BrMtiimu. 

Rthhia: Public Library PcL^niiJ. 

Sajeoxy: Ocffentllclu* Blbliothck, Dresden, 

Sian pa; Secthm Admintelmlive tin Mlutartre di?« AtTnlr*« ^Lmn^r*K. 

SurTll AUflxJciPlA: PfirtEumcn^in- LI Emily. Adelaide. 

Kpaie: Serrldo del Cmnldu tulomni-Jr.mil d® l^bllcjtdiirww, Cuem, Pncnitu- 
tlvTi dr Archive im IMhlfotceariuB r Anjue^lopw^ Madrid. 

SwktiesU Kernel Igi LiMir.tehet, Stockholm. 

Hwnmu?n: ElMItrtfryjtie F'felfmle Ootrfile + Berne,, 

TiHMA.vtA; Partiniueiitniy tJhtmy, IMiarL 

Turkey: TK-hcrtmpnt of Public Instruct Enti, CnnrtiititlTmptc, 

UNkhv iir Soittt Africa: Suite Library. PretoHn, TnuiKiMtni, 

I'wolf at: OflfLJiq < It'Tan Jr Initnuu .LmwJ <Tt> I’nbllan-JoDW. MoaLovIdso. 
VrNp^frm.A RSldlotei'a XaHrrtiaL Carueit« 

VuTTnitA : I'nfcjl Iu Ubmry liE* Victurln. MoJtnmrur. 

Wwtum At>TUAr.ra: PtihUt* TJhrtiry «f Westvru AiiHtmHft, Penh. 

W^xrhru: LnTukablhUotbek. 

PfJwmiKtwp or PAbTTAL fiirre. 


AlheBTa : pTnylndal Library. E^iicuoiUott. 

Am-trc-Uttust: niMEotneqDo rnh-cnrfmin> n B^fonile de Strasbourc stnis- 

TwUnt 

UnuviA ; lllnlitlrrin dr CnlftnlzncMn y Aurlrulfum tJi Viu 

S’®" 1 s™<*™ntata «r T^IrJt^ tmd Au^rtl^ 

Ilumnir CoLusinfAi UkIsIjiIJvo Wforln. 

® Bm " n Oonrrmn^Ti. ^crotiry'* Gwr*utotr a , Dcmrn™ 

ftrLDisiA; Minister ( tf Ferelgn Affair*, Sana. 
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Qnuit: OlouEnl Secretary^ ulUre (Reran! DepurtiHeai of tbo Library V, Oo- 
tombik 

Eojadob: Blblloteca Narlotml,, Quito, 

Egypt: BJbllothfrqae KMflWftle, Cnlro, 

FipriAjro: ComrnS Ubmry of the Slate,. Elr motors, 

Guatemala f Secretary of Uh* GaveramriU* GimlercuiliL 

ll.kwpt:w: .SeniitBkoinralfisEon fLlr dJr Hdchs urn! An^e^obeltm, 

lliaiHc: ljturir&bEbHuEi]C')c, rmrmtftadL 

lloMi['kAJi; Beerrtnry of the GoYCFftitiBiltt Teiriiclgtilpu. 

Jamaica: Colonial Srcrutnry, Kingdom 
l .j ilkp t a i Dt^iartartcnt of Stale. Monrovia. 

Uckenvu Mas* via: fiewnum-nt Library, Loureocu Moninea. 

LPueck: President of the Senate. 

Mamas t Ptcuvimx or: Chief Secretary to the CoTemmeet of Madras Public 
Dt-pftrttvieuC, Mridrn^ 

Malta: Lieu!ennui Governor* TuleChL 

Md^Tr.NrMfio: Mlolatrre den AITalnw ftraDj^f^ l.ellnje. 

Kkw Brunswick: LcgluUitlvu Library* Fredertctoti,. 

Ntcu~rwivaf r Ai«ii; GotonUit Sf^retaiy, St, John's^ 

NiL AEActJA: Siij^eHntcudeiue de Arehtvw Xuttonale* aiaim«tMU 
NdnawcfiT T>JtmTtiniEs; Government Ulmry, Rnslufl. 

Nova ScCmA : Ppwtnrim Swretuiy of Novn Srolhi. 1 ha It fax. 

Panama: SrereluriEi de Ttalaclnmi Exteriors, PunnnuL 
Paraguay: inlelmi General ile lumlffraelon, AjoiuuIocl 
P laces ESpwauu Ibmso: Legislative Lllinuy. CMrioftetonu, 

Roe jw asia: AcadetuJa Itomnuu, lJudinrfsHL 

Salvador : MlnMcrfn de Urim-lonra E-tterEnres Sim Satailur. 

J?nn: 1'. |.:inruei]l nf ForH^i AILilX-S Bimj.'fci*- 
Bthait*! SmiLiitaTS: Colonial Secretary* Stnj3t«irp. 

Uhitp.p Provisos of Aoti. 1 i amt OimKl Pnder Bft-ivtflrj M Gowniucur, Alin* 
bnbait. 

Vienna: HHramDtflalfir'AJ»t «l(f Unapt- uod Itoddurte^tadt 

1 SWAlllJtPmAllt EXCBANW OF OFFICIAL JOCTKKALS. 


If! the- early part of the fiscal year the immediate exchange of the 
official journal was entered into with the Government of Checho¬ 
slovakia. A complete list of the countries now taking part m tins 
itnmediate exchange is given below: 


A recur! up ItepubHc* 
Australia* 


CarvmliL 
Coetu Ellm. 
Cnhu* 

CErchnhlQvnkU, 

IvniuLii-b, 


AijHirtn, 

BaHru T 

RH^Iiieh. 

RuHvIel 

Rr&jtll. 


Kuutqo* Aim (Pnrttora)* Liberia 


France. 

anat tfriinkn,. 

Orewtk 

(jgsilpmnta. 

Hondaim 

Ruuptry. 

It-aly- 


New South Wale*. 
New Zetland. 
lVni* 

Portugal^ 

PrussliL 


QutrnjiLBtHl 

RoUTi.qUllL 

Hussain. 

SefblTL 

HfiallL 

^WllBtTlalul 

TninsvanL 

Fnlmi uf Bautli Africa. 
Uruguay. 

TcfirzurlB. 

Western Au-xtnlla. 


4%m m —^-0 
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It will be noted from the above Umt there are nt iuvscnt 37 coun¬ 
tries with which this exchange ip conducted, To some of the coun¬ 
tries two copies of the Congressional Record are sent, one to (he 
Upper and one to the Lower House of Parliament, the total number 
transmuted 1 icing 13 . 


foreign EseouKOG a<;encm>;s. 


Since Finland became an independent State the president of (he 
Delegation nf the Scientific .Societies of Finland. Helsingfors. has 
offered the services of that delegation us the Finnish exchange 
agency. 

This offer lias been accepted and consignments intended for that 
country are now forwarded in cane of the delegation. 

I>r. dtlli Us Piklcr, of Hud ripest, whose services ns Smithsonian 
agent for Hungary were, owing to the war, discontinued June 3 D, 
U 1 17 , until further notice, was reappointed Hungarian exchange 
agent, to take effect July 1 , 1 D 20 . 

The Bureau Scientifique Central XiVrhmdafe—Che Dutch exchange 
agency—formerly under the Bibliothfepie de iTpiverritv, ‘, s now 
under the Bihliothiqub dt* F Academic Technique at Delft. 

A complete list of the foreign exchange agencies or bureaus is 
given below. Shipments p, those countries marked with on asterisk 
were st ill suspended at the close of the fiscal year. 


Axami* rfa Fram». 

rtn Portugal 

Aiqhvtrca; CamlsWa 1'rntwio™ tie BtoU<iienii> I-./puUms, ijtvnlle r*iu, itxtcntn 
ASpit 

Austria:* Y^nirn]-Rmniu)i*H\w\> Vicuna. 

Akgi & fm t p[fj Portiifjil, 

Brj.iin u ; Service Beige de-i figuuigce Ituernatiiitwux, ituc Je.. LouEV-ChtulnL* 
4*"\ BmsnJ&. 

Boovia: Ofldiui XaeSnmii ile FsriMlfrtlrn, Lu Pa*. 

Bb-stil: Seirko tie frntthitfto* Iniemnekmatw. lUhlinthem National, Hlt> do 
Jali^Sro. 

itr.iTiNK < v«/i vies : Cpitvr Apents for the Cofanfcti, London. 

British Gtrus*: Royal AgilcnKmt „i„| Comnwnilal Society, Gwm-tonn 
UEiriHii HdUDt'O*: CnlontHl Swrumiy RHIxe. 

Ui'usABtAT IiwtltottoHR Sstentlfkitua do a m. h- lto! tie ttulcnrle Soil,. 

I'ss.ut Inumt. rirt SpHlii. ■ 

a * rT,cto ,h ' ( fnti‘rnB.1,moles Blhllotera NbHodiiI SariH.„ 

0nclt,!, Jp e * nJ ° a atttnnrtom.lt* y Itepart* National, 

Cosva Ri ca : OScmn de Depfltita y CanJ, Interaock™, j e PobUewtaM. * ln 
?™"? : Kooarilge Pnaste TldrasHobenw* s..fctR| t n_.._ 

Dvtc " Guiana: Suiinaamu^n- Koionlafc inbuothcck, 1-aiUarS! 
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Hr-UADoa: MKnistarJo do Rabtdoaet Exteriorm. Quito. 

(vtjttt t n^vermueiit FoMtoUkm* Office, Primtaji I N fmrtiuml. Bula^ Cairo. 
Finlato;: Detection of tie Sd<Mtak So^eUes of Finkml* ETabrifitfonL 
Fean in:: Strike hTim^abs an* fidiaiiffw IjiieriuiitlMijitis, Ul> Km- do Gre&olle 
Paris. 

^euaiant:* Atnerikn-JujMJtut, Jkrhn, N. W. 7 + 

(J Ef^T BBITAm A Ml IRELAND * MeSSFIpL Willium WralOY Si frit, 2S Bltftt Strat 
Strain!, Londiro. 

^»®Ens: BiijKoUi^iie Xnthiimta, Athens* 

CJftfeEn lastd, rfn 1 >eji rtmrlk. 

<IVADEUHF7«p oi* France. 

OtJAT Bf ilT A t IlkHJflltii NllcSi)lltll ikf YelfotICK, liSUi^nifllq, 

CrUj^r^, rfff Portugal. 

Haiti : i>ecri>titlre d + fiuit do* Rtfntions Exi^rioiiro*, Port nn Brines, 

1 fOjTotrMAn: BIhUotm ^urtomii, TtogndgaipiL 

Uitxoaiy r Dr + JulEim PlbErT* FfSv&rwd Ta1(dt£rt£kayUvAnhLrttf Ifhatnl [City 
Vrtratlon Olilcf > r Kr^^U Vflri^h.lF, tT. 

Iceland, Hi? Denmark* 

l n m\: Siiperfntendtxit of Ktatfp&erj* Bombay* 

Italy; UCBdo SmitibE ]nterba?lonn)l< EibUot™ Niudimbie Vittorio Enmti- 

uti-Tp, Ronw. 

Jamaica; lierfcTtuK: of JnnmkTi, Kiiipsloiu 

J afak: Imperial Library or .fnjMm* Tokyo. 

Java* ttfa Netiiarliinds* 

Koisea; CrrjYpniTUPEl tlMiOniL Keijn, 

Lipwa: Huivilu uf Esvb^aiK^, I^mnmi rit of State, M-mrovin, 

Ui»qun: fioriminicnt library* bronco, Maiquet, 

J-rnautmopj, rfd ftermnnv. 

M huaowar* rJa Pmnre, 

WiccuiA, porting]. 

Mo ctbixqiq:* MJnbii^ro don Affaire* fitnmpvrvN, Cotlnjo, 

Moz^MEEfqrr» rfcT JNirtiipL 

XEmEt^AMm : Bureau SeEp-Hlfkjfje Ctetitruj Ntorhficlijt*, Bimbnbftiiio da rA**d^ 
nih« tCNdmirjtiiN Bblffc 
Ni^v t-iNKA. Ho NeiherljindK, 

Vf:iv svirrH Wales: Public Library of New touih, Wales, Snloey. 

Nirvi,’ ZfcAJLAWiK iNunEnloti Mww)» Welttnxtnn, 

Nicaiaqua: MlnJHUTfo <li« RebiliHikS Mnnwenn. 

Norway: IConprtl^n Norsks Frortertka rnhreraiTcT Blbltn-fbefent, Christ Uni*. 
Pakama: ftocrorayFu do Ttidneionwi Ibtslmt Panama. 

Par Ann ay : BorvEeio do Cunje Iniertmt-Eoiiri] do PubUraetafira &hc16h Cnnnulur 
y ib ComorciOp Mlnhrt'E’Jo iji> Exterior^*, Amnclnn, 

l p Kim]A ; Board of Foi-e l$n MfsaliJM of tlsc IVi-BtiytiTbn dioi'th, \"^w Fork c?E(y. 
Vmv: Ofldiiri da Hftfarfo h iMp^sho y Fanjo IntcrtnudonELi i!c l^iblEcncKm^. 
Mtfnbiprto dc Fbarento^ TJtna r 

PokriroAl.l Sorrl'ca da PmnixtatoQas lEiimmidormnr*. BJbllotbem Nmdrniii1 h LEjdwm^ 
Buiriiii of E^dtan^ of Inb mfltlonEl Publkut/ons. CEiFrf Jw- 
ralnryr^e f>(TlM? + Jsr^b&n^ 

ItolTbLAitiA:* Amilamlit Roamnn, BuabArrttb 

HT/Hsia;* CoinraSa^Inu Rn,w rJes ^chnn^ ItitotnpiioiiDior. bJMSoilL^ur, Fnl> 
Jl^uc, F^trogradL 

^ALVAtM;*; HUkJfltaiio d* EflnctMws Extortort-^ Sbei SbIvimJof 

Bectloa Admbatvinative dn Mlnbi&ro don Affairs EtriuigittT^ p ikd- 

STildo. 
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Siah : Dqjdrtount nf Foreign AlTalrH, Bangkok. 

South ArjsTEAUA: Public Library ?if Smitli AuxtraHn, AcMnhk. 

SPArxi S«rp|eirt tk«] Cambio International «U- Publkutioiu^, Cwpo Fnctitfuttm 
clc Atvhlvcrus, Bllslloicciirloft y Ar^uctilcKOS, Madrid. 

^riiATiw, i?hi NotlwrlADdeu 

S^fcbfcN : Kni^Jisn SvrtiHkn VeUm-Hfcnt* AJcfidcmhii* Stmrkhuldx 
witse&la x o ; gmJa des folinug** Internal; lonum, Biblkrtirfquu KWrolu 
Cent rule. B^ rne. 

St hi a: Hoard uf FuTtijpj MIssIouh nf the Prosbytertan Church* New York. 
Tauhaptu: SMsirtiafy to the Premier, Hobart 

Tmtoimj*; Boyill Victoria IwtUatc of Trinidad anti Tuljnsfr, pnrt^f-Kiiaio. 
!Funi»* s /a Frauen. 

Tusket :* Amwrtmn Board of ComraLs^iauT^ for Fertign -MiMan#* Lnstun. 
Union or South Afwca : {fori-nuutiil PtLntfn# Works, Pretoria, TrerwvaaL 
Lhcuuat: OH Lina ik <5oiiJc Int^rijaHnrmb McinjevSiItKc 
Vencjiiela; Ulhlkdecn Nntitwml, Canu u<<. 

Victoha : Public Library of Victoria* Melbourne 

Vfeffmw Aobtuaua: Public Library uf Wc*aorn Auutrallu f Perth. 

VTtmwm and Leewaxb IntAntw: Itgperm! Ucrtartincnt of A«rirti|tfarv p 
Bridgetown, BarbatUia 

Shortly after the dose of the fiseul year, at the request of the Eco^ 
mimic Liaison Comm i tleftof the tiUie Dejuiitmcjit. Mr* C, W, Shot- 
maker, chief ckrk, and Sir. I\ E* G*ss, correspomkiiee clerk, >. ? F tho 
Bernce, appeared before that committee to give in form at ion concern- 
ini? the workthpi of the Intemntiorml Rxi hmirrc Service. 
Bespectfitlly submitted. 

C* (i, Aubut, 

In i'h*t rfjf of Library and f£xrJnuwje$ m 

Dr + Chakleh I). WAiitrrrr, 

jSccrtk&r^ f/ //ic SiMilAKHiian /jM/frutfoii* 
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REPORT Off THE NATIONAL ZOOLOGICAL PARK 

.‘“'tii: [ have the honor to submit the following report on the opera¬ 
tions of tlif National Zoological Park for the fiscal year outline 
.fnne 3fJ, 1930: 

The appropriation allowed by Congress in tlio sundry civil act for 
the maintenance of the park was tlio some as for the preceding year, 
$116,000, with the usual additional allotment of $JtX> tor printing 
and binding. lVitli the cost of almost all of the supplies necessary 
for (he maintenance of such an establishment increasing constantly. 
<»nly a comparatively small part of tins amount could be used for 
repairs and improvements of any kind. Such permanent improve 
meats ns were effected were made possible by the purchase of much 
of the necessary mute rial during the preceding year. The ground h, 
roads and walks, buildings, nnd indosures have, however, lseen kept 
in good condition liy the regular force of employees, although inanv 
much needed repairs nut actually urgent have been postponed. The 
nurnlier os' animal* in the mlledion shows un increase over that nf 
last year; and the attendance reached a new mark of over 2,000,000 
visitors. 

AOOESSJOU*. 

—Animals to the nu miser of 127 were presented by friends 
r>f the park or were pints 1 ,J on indefinite deposit. It is gratifying 
that the park is becoming more and more appreciated us the natural 
depository for pet or captive wild animals no longer desired by their 
owners. Many important specimens, including parrots and other 
cage birds roach the collection as gifts. Tins owners of Hindi nni- 
fuulbi fed diin their pets Trill not only enrich the national colled:ions, 
hut tluil they will have the umsi expert care and kindly treatment. 

Most noteworthy among the gifts for I he year are four acecssinns 
from tropical America. which included several species new to the 
collection. Mr, IV, J. I .a Yarrc, jr., of Washington, D, C, during 
an extended trij) up the Amazon River and homo of its tributaries 
eoileeieil a number of desirable animals, which be presented to the 
park. Mr, Ln Yam’s collection included a specimen of the mrr 
b lack-headed mi atari monkey (Cucajo mekmOCephcHw }, a species 
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never before represented in the collection. This monkey is a mem- 
!Kir of the only genua of short-tailed monkeys inhabiting die Now 
World, mid is very seldom seen in captivity. Hie species is, un¬ 
fortunately, like some others of the mono delicate American monkeys, 
very difficult to keep, and this specimen survived only two mouths 
after its arrival in Washington. Other animals in the La Vnrre 
collection were a brown capuchin monkey, tw? titi or squirrel num- 
kevs, an ocelot, two raargny cats, two snowy egrets. a scarlet ibis, an 
oiHuge-w inged parrot, two yellow-winged paroquets, and four tui 
paroquets. Mr, La Varre also brought to Washington with him 
from Manaos, Brazil, a largo specimen of the mre and curious mnt-i- 
mata turtle, presented to the National Zoological Park bv his friend. 
Mr. A, T. S. Horn, of Manaos, 

A second accession from Rrav.il was from Mr. Edward R Kirk 
American consular agent nt Manaot This lot included thrre | lir ge 
American egrets, a white-backed trumpeter, and two brocket deer 
The quarantine regulations in force at the time unfortunately pro- 
hj idled the landing of the ileer, mid these were returned to Mr. 
liirks place in Brazil. The white-backed trumpeter {Pvophia 
levctytom) is very urrtttmal jn - oiledions and is the most important 
addition to the bird department made during the fiscal year. 

Dr, W. M. Mann, of the Bureau of Entomology, during a short 
stay in Honduras, collected u number of valuable and Interesting 
Centra] American animals, which he brought to the park on his 
return. Included were a Mexican kinkajou, u mantled howler 
monkey {Alouatia pallida), a paca, a Honduras squirrel, two 
speckled agoutis, a Central American cooler, and a fine specimen of 
Rougnon's snapping turtle. Howler monkeys are exceptional! v 
difficult to keep in captivity, and this specimen, a young example 
did not long survive: but the remaining animals in Dr. Matin’s 
collection an? all m excellent ronditioiL 

rVmong the parrots received as gifts during the year were two 
s^es never before shown in the park. These were the les*r 
white-fronted parrot, presented by Mr \l< v fi«„„ r ,. , vf 

*- ^***t£SfcS££ 

**■ ““■«*» « 

Itr, J<4» t„ Barr. WwUilnstQq, l». c, md^ [n(Icrf 

Mr. Bert Bmta. WBhta^a. ,, c „ two 

M,JeUn VL**fcley, ftlrtaa, Vt rid ala. wj££ 

ZTTr h T''^ ». C„ fUTuK-h awi. 

-ir., I„ t_ Caen, U rmb)rijni>ii, h. c., UoahTy yp1i„w-h-ji( r. 

”■ «• •£»- 

„ ^MWnRtim. D. (?,. cwkntwl. 

Mr. J. L Cnwtclr, Washington, r>. a. two barn owl*. 
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Mrs CL E, DomlwIm T Wiflhlltyjtftii, D. C„ IusIeI ea^lr, 

Mr ri.Oiis W. TMulley, YV^ldujtlun, I>. f\, hf'iiirrtnv hawk. 

Mr. |>. L, Du I're. WAstiiugluu, I>. C„ carter sanks 
Mr. W. A T Eaten, WtushlnglriTi, 3). CL* rdllimbir, 

Mrs A- V. Emjuiat, WjsMhliiifk'ii, D. CL, two rawarlrs 

Mr Victor X Evans, Wgihiilti-ion, P, Cm Cray omrimiindl, 

Mr, Raynural T. Failure. WtuZdagtan* IX C., all Em lor* 

Mr. lino* FercruBfirx WiLalitnptou* D. CL P aiac starling 
Hr. A. K. FEahrr, Wusbimstirn, D. C r| cluti-k-wjdln, 

Mr, ]L FIlKlurL-uli-tp WflMlLljifljflft, IX XL, apaiTW IniwF, 

Mr, it. F. Funk hunger, Wislijujjton, I?. 0. allien tor, 

Mr. Julian Greene, Wcstringtop, D. r*., aTiliailer. 

Mr A ter On-^ry, Woshinj- tf.Ki, D. C.. Iix-wer whitt-frniDteil parrot 
AT ifiF; rijj rrie-i Buekeet. Baltlnmtv, Maryland, double yidlowduMid parrot. 

Mis Edith 23, Hnw+s Washington, lx C.. ulli^utur. 

Mr. F, k. Helndrieli, WoJJhlJigtmx 1X0.. two gray fuses, 

Mr, A. T. S. Hore, Mnnnos p Brazil, nuitumjuUi turtle, 

Mr. CL J. Hiirinlher^r, Winihltig1im p P. C., tdlEgator, 

Mr r L_ M. Humphrey* Glen Echo, Maryland, quwn smite, 

Mr. Perry U J<«> oh, YVarthli.^hm r lx lt'uopcr^a hawk. 

Mr + Hlriun F JuIijihuxi* Washington, D. C,* alU£ator. 

Mr, James ft Kerkendall, Louisville, Kentucky, ferret. 

Mr. Edward R Kirk, Mumuw, Rm*U, whU^hfiefciHl trumpeter and three AmerF 
«.»n CgTeLir. 

Mr. J. A, Krontiliix Washington, D, CL, black snake. 

Mr. W r ,f. La Yflire + Jr. H Washington, D. €., black-headed auukurt bfoWh capu¬ 
chin, r.i'P-hpf, omnfi^ L -w3u^e*i parrel scarlet this, two tin nwnfe^H. two umruuy 
rmts two yet Mv-win god paroquets, two snowy egrets* and four ml jmrofitleux 
Mr. T. F. Lorerin^p WHmlmctun, North CaruMsui. coach-whip snake. 

-Mr. Ggcprye Hackle, Washington, P. €L, woodchuck. 

Mira fiencvleve Magee, WuKblngMn, Fx C. t allfgninr. 

Pr. W, M Mum, Washington, D. C., M^itHQ kiukitjon, iiutntk-O howli-r monkey, 
Fetitral American i mtat, H&udurtiB squEtrak Ib-aalgnoiFs BitappLag turtle, C^“D' 
tnit American coutef, nmS twe speekied iijfouils 
Mrs A, D* Marks AVashlrgtnn, P + C. r ahlgiiEor. 

Mr. J. r. .Miwor, WaAlilnEtun h IX Cl, five canaries 

Mrs Jolu-ph F. Sillier, WonJiUi^m, D. C. r mrift^heTIftl turtle, 

Mr* W r r Ftttk* Wa^ifii|:ton P p, t’.. bum owl. 

Mrs, Winnie llurwnrd Phtlllps WnHhUi^tiin. P, 13., tlireii rlmmc-lenns f.oir 
iinniHiS tonds and flfo wJilp-tailed llzanls 
-Mrs SyLvaciurt IlSlUii^ Fanfl* Washington, IX c„ enoary. 

^Ir. C. D. Reeder. Lertan, VEnlrilu, hurreil owl 
Mr. B, H + Roberts Wasdilnirtroi* lx CL, wnHulebuck. 

Mr. Henry lioberLs M p uudtlnpton, Ex C M wnodelmclL 

Dr. IL W. Sim fe Id t, WaulilDStOn, IX O., flpoltml I time and two ta's tortolseft. 

Mrs tt, \V r Shnfeidtp Wsinhln^ion, IX C, t palnhM turtle^ 

Mrs Samuel Saucer, Wn^hlnjRcm, P. t"., four hlue-hiicW pprrollela. 

Ik'Kr Admiral Bon jam in Tappon, ALtha Hnll, *k tr^trxta* mrdlnfll, red-nrnl-blio 1 - 
ii ml-yelluw mura^L and lituo-aDd-yi'llow mncAW. 

Mr. I!. M. Taylor, Iloustem t T«- l^u rln^sl turtkitum 
Mlgg L, |? Tbnmrson, WflJditn^tofi D. C.* pllljralor, 

Mr. Rtcbarfl E. Tiller, Wuafchisrfou* lx CL, wwtl ikwk, 

Mnj, <. s , o. Totten, Jr., WnftMnptou, D, C-, Yucatan Xv, "<hsr mixwtn& blue 
grosbeak, two Yucatan curdlntiis, two nonpareils and three bidlim hmilijj^s 
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Mr. Tim* UUts.% Ti r CL, painted tuith 1 , 

Mr. EphvJinl L. Wdlhert, Dtotaerwti. MurjJ imcl. lnunliM] r&UlefUAhe. 

Mr. H. J. IVI Menus n. TltDjftUlc, FLiiriild, barn fiwL 
Mr. Tbcmuw Williams, Wnshlngt*™. is. C., burred uwJ. 

Mr. w, N, Wlllluni^ Wajihliigt®i] f 11. C. t ehatifrfeun, 

Mis* Lf Ik Wbe, D. C., il»k crow. 

Birth #*—Fifty mammals were burn find 73 birds wore hatched in 
the park during the year. This record includes only such animals 
us are reared to a reasonable uge, no account being made in the* 1 
published statistics of young that live hyt ll few days, The births 
include 1 lilppupotamus, 1 Indian water htilTulu, 1 y lL k, 3 lliuim^ 
l guansircif 1 tahr, 2 Indian ante lopes. 3 American elk, .% European 
red deer, 1 harnsitlgha deer, 1 hog deer, 1 Jnpimc.^ deer, l fallow 
deer, ft Virginia deer, H ritecmna, 4 prairie dogs, £ Peruvian wild 
guinea pigs, 3 great red kangaroos* ! great gray kangaroo, t rufous- 
tallied wallaby, and 4 rhesus monkeys Xo record was kept of the 
numerous domesticated guinea pigs and rabbits born during the 
year. The birds hatched were of the following species; Florida 
cormorant, black-crowned night heron, Canada goose, mallard, black 
duck, wood duck, redhead, peafowl, and bob-while i|iinil r 

The hippopotamus was kirn on May 31; it is a thrifty male, and 
i.^ the second young from lids same pair of animal*, The raffing of 
the redhead duck is Use firsi record of the breeding of this species in 
the park, 

Erc n exchange for surplus animals kirn in the park 
there were received during the year 7 mammals, 133 birds, and 5 
reptile*, The mammals included a Kehu and a Burmese stag from 
the gardens of the Zoological Society of Philadelphia. nut! 2 black 
Rpider monkey*, 1 chacma baboon, 1 Canadian porcupine, and a suow 
leopard from miscellaneous sources. Of particular interest among 
the birds arc many of the characteristic aperies of Europe: Wood 
pigmn, blackbird, robin redbreast, bullfinch, hawfinch, yellowhum- 
mer, goldfinch, fiiffcin, greenfinch, bramblefinch, and jackdaw, Neo¬ 
tropical birds received in exchange include the blaek-nedted streamer, 
upland pwise, rascal* spoonbill, white ibis, ^deater, yellow-kicked 
cach|ue, Yucatan jay, blue tanager, rad-cimed parrot, and Mexican 
green mi«*W- Rpt^ies new to the collection fnim Ask are the 
Baikal teal and the silver-earaJ hiJMit One of the most valuable 
birds received in exchange is n finy example of the single-wattled 
cassowary, which i* apparently referable to a little-known aperies 
rWuanwi philips of New Ouinea. Five specimens of u l» r «a South 
American liyard, TuphamM* %u£r7a, were also mbled to°the col¬ 
lection. 

/WW-The lack of m&timt funds for the purchase of ani¬ 
mals made it impossible to add to the collection many desirable 
s P ecitS oth ^ for ^ from time to time. Four young harbor seals 
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si Brazilian ocelot ? and a collared peeeftry from Teiaa were the only 
mammals bought t In ring the year. A few waterfowl were pur¬ 
chased for the North American hike, including 2 blue geese, 4 
Hutch ine^ geese, l canvasback duck, 3 lesser scaups, a gad walls i and 
4 male shoveller ducks, A few native birds of prey and a single 
June snake were also purehased- 

7'mn.jf/e/w.-—The Biological Survey (if the Department of AgrieuI- 
ture contributed to the collection some important animals taken for 
various purposes by its field agents, The most valuable of these is a 
lot of t'i little brown cranes (Cm emmi* nxiA, a species not hitherto 
exhibited in Washington* Other animals transferred from the 
Biological Survey were P western box-turtles from the (Jhirueahuu 
Mountains* Ark.; 2 great homed owls from Long Island, X. V.; 
and u collection of small mammals, including species of Per&mx/fwux, 
J/iertUri* m and IWoffnMhm* In cmperatiim with the State Live 
stock Board of ULih f the survey also contributed, through Mr. 
George E. Holman, 2 young gray widves from Grand County* Utah. 

(\tptuwd hi the pttrk\ —Two Virginia opossums mid 30 small 
birds, captured iii the park, were ridded to the collection. Among 
the more interesting birds, so taken are examples of the European 
starling and Baltimore oriole. 

Deposited .—The most interesting specimens received ou deposit 
during the year are a fine mule Brazilian brocket from Mrs. Lindon 
\\\ Bates, New- York City; and an American marten from Mr.Ernest 
Thompson Setnti, Greenwich. Conn. Eighteen alligators were car¬ 
ried over winter for the Pan American Union. 

itE MOV A 1 j3- 

Tbe surplus animals sent aw ay in exchange during ilia year num¬ 
bered 54, of which 2D were mammals pud 25 birds. The exchange 
value was $3 T 0l7.5<b as compared with $3*240*70 worth of animals ex- 
riiangnl in 1010, Most of the surplus animals wen? born in the park, 
and the shipments included G bison, 3 Larasinghn deer, 3 ml deer, 5 
Japanese deer, 1 hog deer* I llamas* 2 guiimeos* 2 gray wolves. 3 ri d 
kangaroos, 4 peafowl, 3 gulden pheasants. 10 Canada geese, 1 Man¬ 
darin duck, I balrl eagle* and 6 black-erowficd night-herons. A num¬ 
ber of animals on deposit were returned to owners. 

The death rate during the year, while slightly above that of m\K 
was, nevertheless very low. and was approximately equal to that of 
1&18. The spec mien of the rare brown hyena (Zfytpm? hrutuuw) dr- 
posited in the park by Mr. E. S, Joseph in September, 1017, died ol 
acute pneumonia on November 14, 1910. The male Philippine deer 
{Klim phiNpitmii#) presented to the park October lT t IWt*, by Ad- 
mirnl Kobky D. Evans, died of senife cachexia October 22, BUth 
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This animal was at least 4 years of age when it arrived at the park 
and was therefore fully IP years old at the titur? of Its death. The 
Grevy f s zebra stallion, presented by Emperor Meuelik, of Abyssinia, 
to President Roosevelt t which reached the park November 34, 1904. 
died, after over 15 years of life in Washington, on December 4, 1919. 
A pair of Japanese monkeys, received August 4 t ISM>4, fully adult at 
the time, died during the year, the female on December 7. 1919, and 
the male on January 21, 1020. Autopsies in both cases showed splenic 
tumor us the immediate cause of death, A California lynx died 
from pyemia cm tSepteinljer 23, 1919, almost 1 i years after the date 
of its arrival, October 19, 1905. A female coyote, received April 2<L 
1906, was mercifully killed m June 10, 1920, as it was virtually 
helpless with disabilities of old age. An aged female Florida otter, 
received July 20, 1907, died mi March 20, 1920, almost 13 years after 
its arrival in the park. Among binds long in the collection, n dem¬ 
oiselle crane* received July 2, 1903. was accidentally killed October 
IS, 1920: a crowned crane, received on May 25, 1905, died from en¬ 
teritis December 26, 1919: and a red-imdd>Iur macaws received Janu¬ 
ary 26, 19u7 t died on September 9, 1919. 

Other serious hisses during the year include a wombat, from 
pneumonia. August 5, 1919; the waterbuck, killed as unfit for ex¬ 
hibition, on November 5, 1919, after nearly 10 years of life in the 
antelope house; u hombilL from enteritis, August ID, 1919; and our 
last specimen of the blue-headed quail dove, January 16, 1920, 
Postmortem examinations were made by the pathological division 
of the Bureau of Animal Industry and, in two cases, by the Army 
Medical Museum, The following list shows the results of autopsies* 
the cases being arranged by groups: 

CAUSES OF DEATH. 

14AU1CAI.H. 

Marflnplflltn: FncumimSa* I; mberruliisls, I: pyemia. 3: pfrltoultlg, 1; multiple 
tunmrt In timift L 

i --nji vni-.l : Pneumonia. 2; xaHroeiitertiigi f 0; cyetnla, 1; raetrlilB, l r 
: TutwreuUwla, l; cuiltUIb* i: kepatUtH uml nephritis, i, 

PniHiiramla and gafltnrtflilerUU, 1; enter I Lis, i = l; 

rtRiEtis 1: iljxratery, i: mmr of spleen, 2. 

AuiiMlneiyla : Tubsiriiloats, -1 eolltlA 1; fermefitaftoa rdk, j; —nfic cru^liexhi i, 
rvrLs.^ ninety la: Acute gEaUoemerltl*, i, 

tunas. 

CiconUfortP** : SepUpciula p 1; Impaction of proven rrlnjlii a 1; nccMeut. 2. 
Answrifaru^; TulwreuJonlA 4; cnlerill^ 5; Impaction of VrovMilrlru3y^ T 1; 

aMnl** *cplJcrcnlEi. 4; rcrlrnfldftiK, 1 ; rw tun*** founU, 

Fnlwnlfotme*; Tuberculosis 1. 
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tialU famics: InffairmiDtilau of rectum Add etoam, l ; ttuemlA* t; premia* 1; 

necrosis of csm t I; twrcomq, i; accident, 1: no cimse found. % 

Grttifbfm*#; Tuberculins* l - enfcdttfo, 1; iio cnttse found, L 
(TtfvmdrilfDrmifs: CiitatrJvul entering 1. 

FHlttACLforrucs; Tuberculous, 1: unterttlA, S; gnsftrkl* L 
CoraciifoniM>ii; Eater Ilia, 1; no cause found, L 

Fttsaerifotmes; TubercukHLs, 1; cnturriml ontcHtH 1; tig caute founds -L 


torftf-iitw; Enteric L 

I hirty-iiine specuftcps* including 15 mammals, 21 birds, and a rep- 
tiles f of special scientific importance wore transferred after death to 
the Fnited States National Museum for permanent preservation. 
Two monkeys, especially desired for study, were sent, immediatdy 
after death to the Army Medical Museum, Skins of birds to the 
number of 25 were added to the collection of “dealers 1 rage birds 51 
kept for reference in the office of the superintendent* National Zoo¬ 
logical Park, 
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YlrfilflU eptwunjai I DUffipklt l iryin 
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Teiniruiiilaii ftsr- 

Hj'il]_ _ _ 2 

■UiHtrsUEn fltkr^uu, (fHttalfcfiti r*tf- 

___ __ _ £ 

r^a±Ly pha E„ BK(lt . fuNg- 

*®Gf ___ 2 

Nw^tiU^ r^t wanmfr fAttawsfr 

prnfj;ijjrfj-. a j _ _ _ _ 3 

"“-Wltel frflUabj (1/iicropwji 5fl- 

^ _ p 
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loeni (Cr»C»lqr rrOf’aFjp) - 
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African cfaoet&fc <ArfiW»M /#&4f 
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KpwflI Utfsr |F*I4. - 

Uunr-burlan tlgrr *FHU Uvrt* t**vi 
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ANIMATE IS THE COLLECTION JUNE 30, 1B30—OcmtUUKU. 
u a x it AUi—«nillnu«t 


■'iiltH[Tgiu—«intinu*«K 
Juift AfrtEBH iHDnnt (Fffli# pflptfui 

NLfi-jJlfjLCa I --r- —— — 

JftjfHJLr IffflJJ amca*-r 


llraiLlliiu wluT iFeli# pflrJiifli hra*il- 

^| ftW 3F cut l MI* rir/ri'niJ™-— 

Sng^ IrtiKftpl iPriti ■Nci4}- n - 

SliMSeiiia pnma ^ ffll* urfreul- — , 

ll^UbCd Eli UuD iFrltw liipjprjJr-* rn i* -- " 

Cant^dfl (L(/m - 

3&rt£«fD tHIiJ rj*t ii-pit* y 

Baj Ij nx (£*?»* r*/nj)„_-- - 3 

™ fvintoi*. 

California »rH llfin ealtl&r- 

n(d hpiri,., ■.« „ - ---- 2 

11 ■ rr1 4 1 e: d > n ] iPfejea i-IJnEfad i i 

|UIUILA. 

W-OQilrianefc E If &nnt»fa wuftd * h-. fl 

IJiiAjr manDQl (Jfurmftfu jinrli'cihfrl* 

fitaH)— -- ™ 1 

IVnJri* shut itpiiowjH . H 

□dDdufan squirrel (Scfuru taafAitf- > . 

FOI (Ifriimv* nijf*-p 

AlEilLHJ R^alTFi k - SHiJrWJi t . 

| hiftkv pqckftl mniksr Ljt>cru r rrt*l#Jplii 

jforrricviit pfl-nW™-——— 
AiDi-rlrnn ItM-Tif Itfwf uft jJindFJvb • 
WblWmilw] i In*- 

itipuii no rr finnan*** - 

Mantua ihltjhfMlMi tetm* 1 <JVto- 

wpii^i Jfm a npui jf(ilTli) _ _ «. 

fCebmilifl wiiltif {touted mou*? iFrnu 

in0jn;HI KMlnJitlul U0l»tf^-— 

('■aundtau p<m’U[iLrvj |£f*lAtojrf dorm 

Em) -------- 

VeJI4»4i*lmd po*t*p&m itfrrtftizon 

cptnutfAw*^- ™- — l 

rvtfpu < U^H-oafor wypmU --- --- « 

Para (tfimtcflfw* pa«ir -—— 3 

(Yniral AMtaO t*i« ICuafc^H* 

flflfij ,' .i f -— I 

Aliilrtm Wtttl iDMfpmt* m».H- 

BpecfcM wmfFikl tJIdipprarftf patt^' 

fi/d} ——-— ■ —--— ” 

Alan's ajjuutl 1 — - 

rfi'fltiHj BHOUtl (^u^prorfu rri«JiMpj._ 2 

Fti-uvluq ritijsm (Cart® ffrfcyslii 

p* Jfj.JTjn r | m - --— — H 

f j ILillfc’Q plE (Cqrfcl jrtrWlfUi I - ^ 

CMLiv’.jira I f/pd^cfrernM fcprfrflH-Attr- 
rtl). —■-- 1 

UHttMXMHA* 

Dowrtlte rabbit lQrvrtr*iativ* rvnini- 




Rim* -spider mapk-qp Minin iiwi„ 
<sny yptd*r gaonlwf i.if^Jr. 

iXaJFSj —-_ 

WbllHbmtd rflpnchln iCtlm ctipw- 

fiflHU | ________ 

IfruWEt un|3iirhlsi kfVbM* ( r o/Bfily«i_ 

Mn-r^Tirlla l-:ijsu«!iSh taqr^n- 

nlfar) _. m ^_... _ 

Tit I trtnnlfi^ ifMmiti h'lu rrui j__ 

rSuacEm (/*dpiij lilirtoHiu, _ 

IMoMilirAi babLrtui irapiit hom\i 

ifpraiL^_ _._.... _ _ _ _ 

Mismklll i J-uj.lu ittliimi 

Drill {I'apfe (furcpftaiijj„^_„_ 

Wmsf nsmnqiH- S ni> 


bnriwn mu m iju*- i Wck«i a ^.rdc * a i M __ 

BurmfM iBJir.ni in* 

maiJiiparii ■ — -,-. _ __ _ 

Jlb#i1ip ft)Jihl£^X i IJUi-cli tp +1 1 r ■ ii pi i__ , 

l*MWiPt ELUjiM-JT ^ajdlrn 

Jsivjiii Biarimun i Jf.Kuril iM^Mrum. 

PiallSl-pklH 1 iLmrcUjuj" (i/di‘iU ‘13 

rtThlu i__ _ __ __^ _ 

Soatj EUfltiKati*y (rrmurrbwt futiy\ n 


1 

2 

C»B«P U _ 
fJn'4 1 n tfEI !Tm lb 

trAuf i_ 

ifJitiupw* mill E rl 

S 

V^nwl mPDLjn 

ryEEffUt__ 

1 i.utanp 


1 

f frOrfilLUPblcH 



2 

U4 ■!>.►« MLV 4»Ui-l3i 1 n 
irop)- .. 


n'iJo 


I 

1 

1 

1 

2 

1 

1 


--jm— — - fttm JJW.CCJ-W | , 

^l^i£lLpnnT.^ , rmtllod^i/ri)_ _ 

AHTJUOimLL 

iv[]d Jmbt {Sum 4frfl/4n,_ 

Wart h«K i J'AdifutiJtarb* _ 

S^miH IMI ^,'vjij Cut 

IIKpSHJpgrstnna gtH . 

pJsfhfu# .■ ____ 

lldrlliuD rusni a l {^uiafiu bwtrtimuMl 
Arabian caiihil Womvlm dmM^UtHunl 
lJ tta4MCth 1 La ary A-ai.ttimrii 
l,lnjnia |L4pt4 yiiirtiqi.. " 

4 V !ppm I Iqnm (Kimi 1 _^ _ 

VUrnfia i/.ii'mi t b-uynu) ._ j _ 

Kallnw iWr 1 fomat 

Aabi dvr t " 

llnjg d«ft!r SlfprJsphyf ptitrimiW ~_y 

Samtar (R™ anltulg?,_____' 

l&iraiiS tijfbu [RufrrTHf j M rp H Veii| > I 

liur[i<unp dt#r (Xhmith ttfiii _^ 

JapaafH^ <3Tfr nippaii j, 

Ifni ifi'fir <f,Vn-ai __ _ 

Kqalhtnlr Ami Aojjtflu | ^ _ 

rtJMlf-DTLt dwr fC#TT-MI 
Amcrlcith rtlf iCVnu* run^ LII 
Vint I Bln rtwr 

idAHi!^__ 
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3 
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REFOBT OF TITE SECRETARY. 

ANIMATE IN' THE COLLECTION JUNE 30, 192D—OcmtlnutO, 
M AM.M ALft—-CfllJE! nttcd. 


AJlfl ODAfTTLt—'rani taunt. 


Mule dwr (Odotinllcjwi _ '2 

R]Afl-t|(lnl dwr win pH. 

hi# n u i ) ____ ____._ _ _ ___ 45 

ltrafHllu.il brocket 'ATuhmu rimpUet- 

_ _ __j 

PpdDir-lKirfifsl BDi&fa-pr iAnHtompm 

a wripfifla * ^_„ __ _ „_ i 

KU'rtwk i l>.s« NfT h»r-wi a |M/rcptU< _ i 

W pi a f tV»idQi7A<rfc m 1 

IrnTlnu ahtnJop,. finW wl 

«Pftl) - , , _ _ fl 

i tfdrfriapftlM iFW0W»torUi)_ 2 

Eilit African r Infill f Ta 

e^f uri* m t# n in__ _ _ _ s 

Aiipurft pjNn| ir^ipi^j Aimfffk _ | 

Tnhr f ffew [fi-dj ^j i<rm I.aJi irttm \ ,1 

\nuifad 1.1m pip nf rojjf u j __„ _ 1 

FC«ii- k t MoniUaJti fthr-pp- ffprl* cana- 

„ _ 5 

Arrstrtjia m-hciotjiEn; hIllm^ fflri* am* 

*««*■ _ ___ i 

llurhmM ihivr lOrfj uKrt'i„_ r> 


*KltiDinTU—iwlSU^, 

Ef&n <&<>* Mflnfv)__ 

Vflk f/rii niiirmJ i „ , 

ABicPfnn Msjii Ifibuii ftifpin | _. 
Indian bnflkta < .Ita dnf a ■ fircbriJipi_ 

rtmajuipAcritA. 

flratlltan cnplr (FapfriM flerrr«rri*> _ _ 

.VMnpallftN h#i w i Jj'-y w tr * pr-Jc ra EtlrN 
CwinE'ai^ni 1,1:51141* Jfrknft-rlfJ yrVmjJ 1 - 

(fnrtVi *eUt* I Ji q U4M Jjrre-pX |i__ 

&brii-ljorH hybrid (G(fvut pmyir 

ffl CffifltfO — ™ „_-U^'.- "■ -j 

hyhrW f&nrM onrrymi#*- 

rHJflriPICI DBA. 

A^iiiibn rlrphant iT^mfoPifi rt/ri- 

i^ini _____ 

tiliEtiftlnUt r|ff|»bflnl 1' Hjf-phtto Jun^ni 


3 1; M’S. 


il ATET.E 


t^aEli African n-irirh (tfrmflifio n«s- 
tnifl#j _ _ , _ 4 

^maMlnurl ..Hrkti (sintlSto wnfyirtfo- 

pMw) __ _ 1 

TEhca ijffflr n - _— 5 

Krlntc^m etnimf? ( f r aw* 4 riu* pMf 

toil _ _ ,____.. _ , 1 

I't^rOSMlFEHLMrK. 

Allli'Clriin whil* JH-Hr*}| rFrlf^fflltU 

^ 5 J> 

TrhlEc pfikTLn i f d <rJcmnnj 

OrUNTFnfiilHaJ. _ ; 

Roftftfttr pcjirun f FrErrHinjriJI fn*TMt>-_* 

AuitnEIdD i^Ilcan cnnjrpic. 

___ a 

Krown pdlcsn ifVfrcunir* 5ft^D* 

l « 4 ^) — 3 

FJorlrtu H^innoraDt I Mnf^icmcor^r 

Hj« tf j^rMhitiuV __20 

Tfyat white hrron f J r-i-t-j Md(d^ 

tafSO -_ 1 

Gwfli biac h^n U^lia I 

GolLnifa hrtaH CAcrfrd 1 

Am^rjcin cKruf i n rfii.jiH* r^rrff« 3 ) _ 3 
*&0iry (ffchrtrtffl a 

isti^-r^mwciftl fiE R htbmn iNveticorn* 

iiiwttfljrtfcr *urr(«r>__ - 3P 

5*ntWll fP^/Eipriii# pkUMuI-^- 2 

2™** » aa ft f< 7 lcHjata itirEM<Ia>_2 

i-t«Tk rpiMiiXd i 

Wniw-n^pd tr.'Ln iCnrphibi* apitrf- 


Dfttfijl 


ti^SMrcui m e.-i—^ udi Ihunf. 

9flfN llftf (TArrjkfani* sEfft^hrUil- 
W r lLlf»i Ebta i| f 3 n-rtj-ij rtf**) 1 ** ^ 

ft , arEi , l JhJji S^#«m r(rI ______^ 

Etntmi li? FjKH»n !i iJ ^ 1 fn ^ii wjM/'i * . 

F.iJtu|M^n Clu M-J i cijrii- i I'A^rni^jPliiriu 
rotcitf) ---— _ _ 

MallnCd I I Tl T phit&rhfftTfbr.M I___ 

! klMt Inillrsii Mu Cl* ili^t i' L rr^r pfntjf- 

fAmrAuf _-____ __„ 

Black (llflf Uhi nbripril BmM .^^ 

GhiIwhII _ 

fMtspBfin frS^ljfTN fc n Jlfrfrrr* p-rnrfop\' i . 

BalrliHLiP (Jfflrr« n m rTimno) __ 

Ott^-wJcmcil ttfJ (Mlk» mrti- 
Ujififpc^ ^ T --—-.— — 

l^uropcnn {tfttihw 

lUliml tr*l {firtUvn farm** _ 

Cn-Jil 1 Quit p,ripi-f jii'ii JJp. 

pon| ---—- 

Gunmcsny r g BrnjiifrfifEra ta > „ 

ClEinmnon tr*t (Qum^***** W*» 

■npfrrffl --- 

ilnilBljp HhfEcTniki'' CFrfJwmi 

ShevcEIrr i Ipafvlt dppfn i--- 

Platall (Dafitn drula^.___—„„ 

Wowl Elucrk i±i* --- 

SEuuilirlii’ duck tfNJror/iHr srafcrl- 

i-jli; M) ----—--- - 

I'iUmabade Ufurifn 

It. iincart IJfBHId diiuTiHM)-.- 

HlniMkKM dacit tJieirUa coJJar*>- 

Utscr Kliup duck Ufa^ia rarffntr),,- 
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ANNUAL ftBPORT SMTHlSOJiTAN UfSTtTt? TIO JJ, 1C®, 

ANIMALS Vi THK COLLECTION JUNE JW, lOatt-Ocintliiiwd 

nmrw—r(HiUiiii£d- 


ax acimr&Rii ek —coni kmed. 

pnrhQfrl ]3^4> 


Will tP-fjiVnJ trw# dlJi'k 

f’ldhiefiiil 


iDtmimiriwtvi 


KYCnCCftfMOTQta ttifrtTOba ) . 
Mflle *Tran (CVjfrWia ^Z&frtU 1 ) ^ 


WhtvLU-tg twrn \QIttf mfinltaB**) __ 

TrumiH’lpr b.icni S few*, 

nhwk fititR WhmofU a imim _„ 


r i,Ll □ v | w 


^oisth AiDprlrTui 
jTTVJPiuil 


HJiliTnr f Vklt*f 


w Wkm 

«=ni>w Riwsw (C%n JijrfrrrAomu 

_ _ _ . _ 

Hliai? fna*E Mniirarrml._ 

Wllhr friiblfJ l^rtH-rrtrW^rfMM). 

Jiitif’tif’fl ! n m hi e r- firmEt 1 !? (Jiwrr 

alNfra** fiOmbtlt} _„__ 

B*i%b#*4td Kwib* \Fulqhfht 
f gOM I Hrnntn nrilddrtt#lif)_ u 

niltrllnir'i iPranM mi iffwi* 

Aulr^JiitlLi _ __ __ _ ^ 

n^ETMinff ppoflfi (ItTtintu catuUmM* 

Mi Ilf RIM | ___ _ _ __ pi 

llftqflt l /iriinfn brnm'-Td ^rJni ns t _ 7 

ftllfiAcJt ptm pm! lrM^,U|.____ 3 

Kpnx-witLpss] PKW r/tfm- 

fr*it*{i»j _______ ^ 

Rlt rk-lw3 Mc^i (fw dock fDmfr^iTHd 

n u fjj i-irHilli * 1 T 


1 


CltffiMti ^TiTMl^er fgi UMfl ypi niJi- 
fvntten\i*i ____ £ 

Turiwy thUeixc Cf^fjpunfr.1 q U i- fl )_„_ | 

ttlicfc Tiiltcne iCrjms'FP-B wrv&w)_,_ 2 

Jvinir T-nJlrnr^ i JttrrranqrwpA u-i jnsjni>_^ 5 

PfMnYluy BJrd nf.rswn* 

raddi) _*_____^_ | 

liritfan mUHET iOyp* fuirttw’j _ __ 1 

fd g* reaem ^ulfciirf (-i t 

Hma} 


_ __ n 

3f 

1 
a 

3 

13 


CflrScani f/NiF.vbnrid* eAmficfl^_____ 
CMper'i hfl^lc Capper!)_ 

Wi^uiim (tJrwtm oudami^ 

KkElr (fftitfa chwntltM 1_ 

ifaJt] fflaift f/faltayrHj 
A Fh ■kmi klj *.i K hj 4 tfcHinrilinT 

pAaTw nU jj^wui i . j. 

RM tal3«il hawk (AiPa Burraillji) _ _ p 
Spnrnto h^k ijFd^a jparurrip _ 5 

**LU* 0 Un. 

tltnmqw <im» W f fu j__ 2 
Mfklrni ramwyw fC3 
Chkkrfi finJa(ia bjbrlil x y ttj 

•m > _____ ^ ^ _ _ __^ __ 

ftiiii turtcy fjfdfffjjrii s^afidpmfd ifi- 
W*frtjrji .. ^ bj 


--—__ - P _ _ 

Wlsii ^ hH f J{ rmtii-f Un r |r«rnrji^^n> " 
iDHHqn Whitn rnm^ (Gra* 4nv»$fcr?»~ 

nujr) ____ _ 

U.lfoTNi’a mm: 

AttrtfMlfM cfflisFi w rmUnivdn} 
t^noAlifePtlf! mn« MniAi^flCtAv i^.Tj 

rrow,W*J fnifir fj?fl|r.rriett 

WliiCf.-tacfc^ lni3ii|M*Efr iPn*ph fti ^ 

™pfrrM| __ 

Cleillllfl <C*(Ti l fnn|.a i 


— 1 


a AJ, ufite 111,1^—run I IumpnI, 

Pr-afrtwl JPffl LH _ ^4 

I’i'Btruek i f^f w ; rr Fn,«"h/^j. 

rafifiiill , ___ _ J 

Xilimr jpA+ 4i an at 

r —i—— - _ j 

Ittnc-ncrk^il [<h> rmnnd lfpJkd.fonud *ur» 

Nil I'iij ^ __ 

l:<ib*hl|p <PtlftmiTrt^|^S r~ J J 

Sralffll quatl 4 

■amiHH h uuiii] (LnpAitirt^ paipb-FitU !i 

luFT^ rxanJi iLu Abort#* rail 

minni fcir M 

-Irarrl^n rmt fr«fi,,, j 

Jfitmt, I'lisnl t«b nil 

aulralljl ___ 

S It v 1 1. - »I D s r d » A, lOty drvmV. 

____ __ 

F^fI'k ffrti (O^filratRiWjr 
WfcLwpin^ efUiafl {fJfUM um^rfeuKd)"", 
ftfthllbll! rfreh i* t<Jrw wtfjliWiMk 
Fpliflr tmmQ <Or-U« fvJnqdn'F,. 


7 

1 

i 

a 

€ 

1 

1 

a 

I 

a 

i 

i 

i 


CiUiJtMlliOSMH, 

H-fr^hkrk-Wfc,,, W1 I fiw¥ , , miTrfc 

^■ujihlDif rill lArtPn* afrieiliflj..._ 3 

Hr ' w ; WB[ =>«/«>/. 1 
------ * 

Wnal pj 1 * 1,0 poFbbIInb"”* 7 

zehn Oflro { G„p rna ^ 

Zm*™™ ,TnT " 

ini ' fl < SoT * <St»r4afrtIa l(tra>7^'7 ' a 

Kl ^ tj lurtliHlttv* ifQrrnln^lit, 

patTrAijiroB.UB!i, 

Kf ' n ( VcUttT wjtnfrlK*^___ fi 

Kt,! ‘^ ,s tAotilor ™y* a ’ 

PI Ifl) —- - - , , , „ | 
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AftlMAJS IN THE tX^XECTlON JUNE S»0 P IfKiO—Outloucul. 
DLiuifl—continue], 


tUlTTACI TOUCH—ctiniiBu^t 

Hin-fjtii njcbtM i erym.. 

B OpEal „ „__ L^-_ •-_ _^ 

Loadbc-ntrf* corhaloo CfiVtlsiifflr Ifm#- 

fcCifffjj.L-._ _ . . _ _ 1 

TTtHte cocbifto i A'crAffftic aflld J _ 2 

Hulphyr-n^iert rocfcntrtij {Kvkatw 

0 rtJeKl i j } __ ___„ 2 

ft if aE retarertH! OKfcatoO (Kskatw 

moluomilpj -- --- 1 

SfpjJrfln rr^n mmrmm {*4nt p*£«fafn4t_ 2 
Pii^- ttnil yr \Ecnr mtwaw {A n t a rnnrana} 2 

R r-r3 - a n ij -to t u e- a n r T -yi*H rrw bucaw (Im 

mami „„____ _ __ a 

EiIup mil raw (Am vhfutrtp’ 

fgmi_. i 

Tblrlr-bJltail [nrfpi (ft ftirnrhop^Ufa 

____ 2 

fEaJEUn purixiui’t (iralfR^d cAfarwp- 

___1 

^ilnw triJipsil pnraqiiPt iTiri^a vim- 

«1M) - __ ___ 2 

Tim p.ir^mn iilrut'tprri* 4 

^]tae.bncfc^j punEllt iPutlactiia pip- 
«a J __ ___ _ „___ „ I 

\f -iJu-v -tmpi-4 parent i i m r: jgtP»i oura- 

i * > .,__ _ _ 2 

YeSlow-fJieFk«| parrot ulmawao ffn- 

IwniMiil^) _ __ l 

‘R-jD.gfHl pnmit |iffpt9ana anttf- 

___ _ _j 

I'tu IiIh j*[]t> w -hrciii pa not 

"-trtrle) _,__ _ 10 

TrJIo* -bmijrtj [< nrn. 1 t Mnooui ocJins 

___ i 

pnirot f.lpKtciPuci 

^Etrli^rfriiJhljiJ _ _____ I 

VflitlTp pirroi (iaang'f! 1 

nuwreqmi narrat U»Wii>nd <a»i- 

/^mm» - j 

Ln»wr whU^froAicd p*tn>L lim acnwi 

nlb^nipi.ir wd*pj)_ __ ___ \ 

Sumy EfcmiEtps parrot rfft 

Imrii*) _ ^ 

^Hbaii pj rtot i A Piarfrftq IrMro^-phahn > _ 1 

jfaj parrot iPMttiwn* rritkot it#) __ 1 

min rrt rrn t iPfrraraprff atpra) _ I 

'i^^tpfied piiroqact vtrla- 

nara} _ _ 1 

lEtitpr-arckMi pnm^tjfec {ftmrt for 

Wat**} . s 

paroquet flfrtop.jfiat^f V jiJy. 

___ _ 2 

ttMucHraiuim 

IcIqrfljHhrr ifiatirhi pf™> _ 2 

tnuntti 4i{in^d*fu p^- 

rtttomj frrvlttir&al'u) _™ 1 

owl i'i'ijnfj rjg-riiaJ y 


mtLtc irciUH ej*- c*m e imifd. 

^mrfh irat frj-riiJi nJiioj ____*__ 

* • F'-i I bornM nwl l Hu ha rirpinAamv*} _ 

Wpdtprn LnnirM <i.¥Pl (JTniK> 1 

__ _ _ _ 

AnLPrifflci barn owl iT'pto perlufa praf~ 

______... 

r^ncBircuMEi. 

Slltner-wvd hfclJtlt (Mean wmi 

rtw) ----- —- — 

Reii-tiP^4 Mtbtit itialhri* im*vM\ — 
UMirfc ffOWUNI huj?blop.(liri|Plt War 
rpPiip pihr^^Jfi) _\ \ *--V 1 , _ |u\ 1 ".' 

bolbal Wtn# 4npM Irircuh 

U*) —--- 

IxUroEH'uii rob I* i| Eri #A ura# m 
ncmit! Ihnjjilt tllplocirh To p'jl- 

la#i v ___ ___^_ _ __ 

Eunwcui blBchbinl (7ur4uM mrmfa i ,, 

Hohln i jPJ« n*-* lira j mpro torMui ^ _> _ 

Welters iDii>rifSB^blpi rifliruj po/y- 

ploffo# _____ 

f Vila r waxirJafi 4 Horn by ciF/a t> d ■ 

r*i h| _ _ _ „ _ 

En ro-pmc Pa n-n E T^rru^ frntf h _ 

Anflroliiia crow (f?grrflj rorDnonfi'P I _ 
Fl^h crow K’omu *- 

Jarfciijiw {Cor pai 1 mcich}-__- 

Yn-rnEan /sr (rSuirij|lhiJI pnrprloHfoitI ... 

EI no Jo j i cfiPfttfd |i- 

<!rpr n Jbj jJfmlJioiipi ..... 

MiiiialLin ffr.nj jumper 

oiprrt«i»>_,__ ---- 

SEurllajT (^ftfrnu* iufyrtfifl- 

TrllDPOn fHElUfi-pf rfrrnfdi- 

ar«#|_ ___ 

Eluc |e eijicpp rTAwifpfJ' ruiuM^— _^_ 
Napolcoh (fp^rtflielaHo flfrai- 

MadapaBCBr wmvrr {fMiEJld ntfldEnflo#- 
rortc Fiff.*! l ' 1 11 ~ ■ i-^7 _r r \'*wt [jmlpi * 
SrrtiVi'Ejprfj flocb <.4nfopcTora qimi^ 

rfSl'Ul' -- — ——— ■- ■ ■■ 

Niitm^F flnrlfc *U*xtir jHfftctHlvtn) __*_ 

nuo rlfimln -mojoj- 

Jmru flnrli CiJr-ww^cr *npi#nfm*— --- 

White Java rtneb {M*xln OPvnmpj— 
RJapk-fai-nl frcmldlan trttphito 

Qn4l1tlm , \ -- ... 

7^bm finch (IVtitopjfpia 1 __ 

Cut-throne Unch 

Tcni Cnii nxi V&M fJprtrifl- phm ti 

mu H.'-ft pi r'fi r*i | - . -- _- 

ftnlUnwre-prlfile ilvttww pafburfl)„„ 
Pticpje crnrhle ijiMi+rxl*) ™ 

BteCk-talJetl h*wflfich (A T i5pti4«o 

H4ir4} — ■ - ., -- 

ruiifiDi'h r¥*Th**io\- - 

^rfrBdrrh irhtort* pAInHak...~ 
YcHowhjLsnidtf ^mbrrteo cilrtBFffoJ ™ 
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It will be interesting 11 1 this time to submit figures showing tltc 
comparative siw of the collection sit the dose of each fiscal year since 
the fouiKlatjuii of the park. The years and numbers of animals are 
aa follows: 
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(1912), hut is greater thnn has been maintained since ISIS, The 
monetary and scientific value of the collection is, however, very much 
greater than ever before, 


visitors. 

1 he attendance for the fiscal year, ns determined by count and 
estimate, wns £,£29,005, a daily average of 0.109. This is the fiivt 
time that the official records have gone above 2,000,000. The 
greatest number of visitors in any one month was 402,406, in April, 
1920, an average per tiny nf 13.413. The largest single dey*s attend- 
ance in the history of The park occurred in this month, on Sunday, 
the 11th, when 95,000 people were admitted to the gates. The other 
42S0CT—22-7 



















































98 AinrCAL R2FOBT SftCtXBSOKUX OfSTlTVTlOJf, ISOrt. 

IhfBo Sundays in April show attention™ records of 25,00ft. 37,000, 
and 55,000. 

Tin- attendance by months wn.<? ns follows: Irt 1010: Julv. 125,700* 
August, 236,255: .September, 26H.941; Qctol'Ot', 2Q5-.158; November, 
204,01-1; December, 74,161. In 1020; January, 55.547: February, 
27.000; Mart'll, 208,803; April, 402,-103; May, 265,601; June 105.750. 

Ninety-six school* ami classes visited the park during the year, 
with a total of 8,051) Individuals, As usual, these came largely from 
the District of Columbia, Maryland, and Virginia; but several were 
from Stales as distant as Pennsylvania and Massachusetts, 

IMT’ROYJiMENTS. 

'Hie most needed improvement completed (hiring the year is the 
public-comfort station at the Harvard Street entrance. This build¬ 
ing is set into the steep hillside just inside the gate, and is so nearly 
hidden by the natural growth of trees,especial Jv byt he low-sweeping 
branches of some fine beeches, that comparatively little planting 
was necessary to improve the ground around it. 

The row of old wooden cages, along the hill just north of the bird 
house, the first cages used in the park, some of which were originally 
brought from the Smithsonian grounds when the park wna first 
occupied, were replaced by nine new indosurts for strictly outdoor 
animals, especially for the mottfajm-sized carnivores not "requiring 
artificial heat. The new cages are made of iron framework, covered 
With heavy mesh wire, with cement floors, and comfortable, sanitary 
retiring rooms in the rear. The largest of these new cages, *20 by 20 
by 12 feet in size, is now occupied by the Mexican pumas. The other 
eight, from ID by 16 by f» feet to 14 by 16 by Hi feet in size, are used 
for the snow leopard, lynxes, certain of the Canidu?, and a krge 
charm a baboon. The type of construction adopted for these cages 
has proved exceedingly satisfactory, md the airy, cleanly quarter* 
are much admired by the visitors. 

The quarters occupied by the chimpanzee in summer having 
proved unsatisfactory since this uni mu! became mature, it was de¬ 
cided to prepare outdoor cages for bis use adjoining his winter homo 
in the lion house. The hyena cage next to his indoor quarters was 
therefore remodeled and connected with his main apartment, and two 
spiu'ious outdoor yards prepared for his use. He now has two com¬ 
fortable indoor rooms and two outdoor yards, which makes the 
problem of his care much 010110 simple, os it is not necessary with the 
new arrangement for his keepers to work while he is in the same 
room or outdoor cape. 

Among minor improvements completed .luring the year are wide 
concrete steps connecting the walk in front of the Wars with the 
walk on the lower level along the sea-lion and beaver pools; new 
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drainage gutters at antelope bouse; new fence along hilltop below 
children^ playground and sand boxes near the Adams Mill cn- 
trance; and repairs to road between Klingle entrance and the upper 
ford, Tito reconstruction of tlie old outdoor chimpanzee cage into 
quarter* suitable for a griraly bear and the re-covering of the Jarga 
outdoor cage for the California condors were both well under way. 
and would have been completed before the dose of the fiscal year 
but for the fact that the cement and wire needed in the work could 
not. at (hat time, be obtained in Washington. 

Alfamtton of the irrxh m boundary .—This item has l*een cotisid- 
«ml in the animal report for many years, and it is therefore eape- 
t-ially gratifying now to la; able to report actual progress on the 
purchase of the hind necessary to protect the western entrance. 
The sundry civil net for 1921, approved during the past year, carries 
sn appropriation of $$0,000 for the purchase of all the land between 
the western boundary of the park and the unnamed street connecting 
Cathedral Avenue with Klinglc Hoad, excepting one small lot at the 
southern end, together with 300 feet each side of Jewett Street front¬ 
ing on Connecticut Avenue. All of Jewett Street, which now con¬ 
nects (ho p«rk with Connecticut Avenue, and the included portion 
of the unnamed street miming parallel with Connecticut Avenue are 
to become a part of the National Zoological Park, and a 50-foot 
roadway ut each end of the area to be purchased will he taken over 
by the District of Columbia to connect the unnamed street with Con¬ 
necticut Avenue. The area appropriated for includes 200.050.5 
square feet, and the park will now be bounded at this point by 
pul die highways instead of privately owned property. The frontage 
on Connecticut Avenue, including the former Jewett Street, will be 
625 feet—ample for all purposes, 

IMPORTANT NEEDS. 

mentioned in the last annual report one of the 
most urgent needs of the park is a suitable public resin uncut. The 
present refreshment stand, entirely inadequate and in a bad state of 
repair, is unsuited to the present-day crowds of visitors. It is be¬ 
lieved that an up-to-date building on the present site, 50 by 100 feet in 
uiae, and of two floors, one opening onto the lower slope to the west, 
would meet the requirements and would pay the Government a fair 
income in rent. Preliminary plans for such a building have been 
made by the office of the municipal architect: the present estimated 
cost of construction is $65,400. 

Alteration of the xmitheaxfem boundary .—The District government 
has now opened Adams Mill Road from the southeastern entrance of 
the National Zoological Park to Harvard Street and u narrow strip 
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of land* between the park and this now roadway, between Clydesdale 
Flute and Ontario Hoad, still in private ownership, should become 
Government property. This narrow strip of land is of very little 
use, except possibly for garages, ant) its close proximity to the en¬ 
trance to the park makes its public ownership of great importance. 
The amount required for its purchase is comparatively small and its 
acquisition by the park or by the District of Columbia should not long 
be delayed. 'JTiq cost should not exceed S^QOO. 

Ovtd&or tjimrters for rnmMmls ,—Provision should l>e made for the 
exhibition of lions, Siberian tigers, nnd other mammals now occupy* 
ing quarters in certain buildings, in outdoor inclosures with warm 
but unhealed shelters. The animals themselves would be greatly im¬ 
proved by such conditions and the space they now occupy in buildings 
would become available for animals actually requiring hunted quar¬ 
ters in winter- It is proposed that, when funds may he obtained for 
the purpose, large inclosures of thin type be constructed on the space 
between the lion house and tho monkey house now utilized as a ptd* 
dock for ostriches- 

The most urgent need of the park at the present time is increased 
compensation for certain of the employees, particularly the beepers 
and policemen- While the rate of pay for these and other employees 
has been slightly increased during the past four years, the increase 
has in no measure kept pace with the east of living, and it is becoming 
more difficult all the time to retain valuable and trained men in the 
sendee. 

Respectfully submitted* 

N. Howijffnsii, Superintendent. 

Dr. Cirjunjsa D. Walcott, 

SeGtfe&Grtfj Smithsonian Institution^ Wa^hm§h>n 1 />, V. 
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REPOET OK TIIE ASTROPHYSICAL OBSERVATORY. 

: The Astrophyskul I hi&ervatory was conducted under the fol¬ 
lowing passage of llto siini iry eivll act approved July 19,1919; 

Astmpliysieal Oljserviitory; Per imiiim-niHiM' of AWJOjibyflicsJ OUwrTubory, 
nnik-r Uk> (dreenoti of tlie 8tfiitlisonlan I ant Hull mi, hirlUEliit^ ussbmiata, par- 
cl) Ian- of uecvnwy in.w>ts mid iH'rliHltMil:!, natural ms, uuikin*; iwocasary uii*,'r- 
vatlcas iti LJ^Ii aiiU an !>"!>, repairs aatl utturutlunH of hijltillnxH, uml ULlscella- 
ntuus I'XjiensK^, fui.ooo. 

Hie observatory occupies a number of frame structures within an 
indoeuro of about IflJJOd square feet south of the Smitlisonian ad¬ 
ministration huilrling at Washington, and also a cement observing 
station and frame cottage for observers on a pint of 10,000 square 
feet leaued from the rarnegic Solar Observatory, on Mount Wilson, 
Calif. 

J’ht* present value of the buildings and equipment is estimated at 
$■50,000. This estimate irontemplatcs the cost required to replace the 
out tit for the purpose of the investigation. 

won n or the ma 

At Wmh Ington .-—Much labor was expended on the preparation 
of tables of results for publication in Volume TV of the Annals of 
l lie Observatoi*y, 

I’nder Mr. Fowle’s direction, the Mount Wilson observations of 
1919 were reduced and compared with those obtained by Smith- 
sou ism observers, in Chile. An experiment had been made in using 
foiled stellite instead of cast stellite to prepare new spectroscope 
mirrors fur the South American work, As these mirrors were not 
quite finished when Director Abbot went south to observe the eclipse 
of May 28 (as related in JmsL year’s report) he took with him the 
Mount Wilson spectroscope mirrors, intending that the new ones 
should replace them on Mount Wilson. Unfortunately, they proved 
unsuitable owing to a gradual alteration of figure after completion, 
but were nevertheless used on Mount Wilson by Mr. Aldrich for the 
experiments of 191D. 

The matter is mentioned here because tho defective mirrors intro¬ 
duced stray light in the spectrum, which led tu u systematic error of 2 

101 
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i Kir ccnt (* n defect) in Lite Mount Wilson solar constant valnra of 
1918 ' i . Considerable additional labor was required in the reductions 
on this account, I- urlherniore, the sky was unusually bogy trnil 
streakj- on Mount Wilson in 1019, which also added to the Jai»r and 
anxiety of determining tin* Ixjst values from the observations, 
A(?reeni?„t of Mount Wilton and Chilean work ,—However the re¬ 
sults when finally worked out proved to agree excllently, cwpt for 
the Bystematn: error above mentioned, with the results obtained in 
Uule. Both stations showed simultaneous and nearly equal ilmmu- 
tious of solar radiation through a range of about 0 per cent \ frer 
allowing for the aforesaid 2 i*r cent systematic error of Mount Wil- 
■oii, tiie average deviation of the two stations was hut 0.0Id nlorie 
or 0.65 per cent from ell the values, about M in number, obtained on 

h. Mount \\ .Ison sky was very h.vv nod sir.,!:,, th, uv.reg. 
tion of the remaining days was about 0.008 calorie, or 0.4 per cent 
5^iir variation confined by observation* of Saturn — to m ‘ PPO 
spondence with Dr. Guthnieb, of the Berlin-lhibelaberg Observato^ 

» most interesting confirmation of the solar variability has a, m * 1 ’ 

\ a nations of brightness of the planet Saturn from January tolfev 
were shown by Dr. Gmhnick’s photometric whS 

could not be accounted for after allowance for all known sources of 
variability. These outstanding variations were found to be in ,| rnjl ( 
exact eorrelatmu with fluctuations of the solar radiation as observed 
at tulama. Uide. One per cent increase in solar radiation won f mi J 
to accompany 1 per cent increase of Saturn’s brightness 
These results, however, were only derived in connection with one of 
two posable interpretations of the nature of solar variation The 
sun might vary in such a manner that its changes would h. , ' 
vitaultsneously in .11 direction.. ,„J „ would 
on .11 ti.pl.ncU. Thu hypothesis <h* f, „ ls 
♦ ions of the sun and Saturn. On the other hand th* °™?*’ 
tion may be unequal in different directions Such ^ ia ~ 

in fact, indicated by the ragged raylike structure of th^Xiar ^ 

On this hypothesis a change of solar radiation wLl i ^ 
after ray strife the earth in the coum of 2 su^ 27 “ 

Hs axis. These same unequally intense rays would T? 

haturn either before or after they reached tl., J7 t 

tin- relativv heliorentrie knptnte't , ””" ''... t. 

- «—■ *- «■ » .Uy, * ,h.t7h. , n "t T '*." 

tion of the two planets is to be divided bv U° L [ n A\lT ? ****' 

of days allowance to be made bet ween'the fetes r ^ munl * f 
solar nnd .Saturnian measurements. corresponding 

Proceeding on this second hVDOtWic 
h-p.hd.nre h«.re„ ih. v.v.vti,^ „„ 
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Further work of the kind is to be it one at Sat urns next opposition. 
It will be noted that this .second hypothesis of the nature of the solar 
variation relieves us of the great difficulty of understanding how so 
immense a body as the sun could vary in radiation so rapidly us our 
observations indicate, We have now only to suppose that there 
art' inequalities of radiation in different directions which may be duo 
to the absorption or scattering of the rays in the coronal regions 
near the sun. These inequalities may persist with little alteration 
for weeks. We, however, note them as variations of solar radia¬ 
tion as they sweep by us in the course of the sun’s rotation on its 
axis. 

? A* fiotuytximl pyranometer <—Mr, Aldrich constructed two copies 
of a new instrument devised by Abbot and Aldrich for measuring 
‘'nocturnal radiation.” We call it provisionally the “honeycomb 
pyranometer,” In this instrument a long thin ribbon of “ therlo” rc- 
distance metal about one-half inch wide and one one-thousandth of an 
inch thick is bent in such u way as to make up into 2fX) cells of trian¬ 
gular cross section all included in a total cross-sectional area of about 
1 incii squall. The comers of the cells are electrically insulated with 
baked shellac so that a current of electricity can las caused to flow 
from end to end of the ribbon and (Inis all around each evil. I'adia- 
tion which enters the front of the cells from any source, if not ab¬ 
sorbed there is reflected to and fro within the cells till it reaches their 
ivar ends. There its remnant emerges upon a silvered mirror In¬ 
clined at a small angle so ns to throw back the rays to make a second 
course to and fro toward the front. Thus by repeated absorptions 
the rays are at length almost wholly converted into heal. The de- 
vie* is, hi short, a “ block hotly.'’ But unlike other u black-bodyre¬ 
ceivers, its central cells arc protected from tosses of hent to the .sides 
by reason of the near I v equally warmed cells surrounding them. 

1 bus the Instrument is almost, as sensitive as a flat blackened strip, 
but possesses the valuable properly of being fully absorbing, which 
a strip does not. The temperature difference between the central 
cells anil the case of the instrument is indicated bv ihcrmoelertric ele¬ 
ments. By passing a proper electric current through the “therlo” 
ribbon the same temperature difference can be produced as by radia¬ 
tion. The known energy of the electric current becomes the desired 
measure of the energy of radiation, ns in Angstrom''s pyrhcliunieter. 
Also the constant of the apparatus is calculable from the known di¬ 
mensions of it. It is possible, too, to observe the solar radiation with 
this instrument, Lind so to calibrate it. Measurements of this kind 
cheek very closely with the computed values. 

Messrs. Aldrich ami Abbot made » series of measurements with 
the honeycomb pyrunometer oh various sources of radiation* hie hid¬ 
ing comparisons with the ordinary pyronometer on iueandcsccnt 







104 ANNUAL REBOOT SMITH *0NUN rNBTlWHDN, 

bmps of diflforent kinds, a ml ahsm iU soils on large hullmr nuliu- 
lora at different tioji.stuitc Kw^ruLun^. Values of the constant of 
the fourth power law of nu] in turn differing by only 1 per cent from 
the best accepted value were readily obtained in this latter work, 
fin the whole the 14 honeycomb pymilometer n is an instrument of 
greet promise for standard measurements 

Itj 'p* rhmin t# on the mn $£a n t " if q/ rn aJ *—I n col lal >o rife t e on w it 1 1 D r* 
C, E. Mcndenliulh a new attempt wms begtm to devise means to 
measure the constant of mini Lion with greater certainty.. Apparutus 
was devised and constructed in the Observatory shop for this pur¬ 
pose. There was not time to try it I^fore the departure of Messrs* 
Abb tit a nil Aldrich into the field, no that the apparatus was loaned to 
l>r. Mendenhall for trial at. the University of Wisconsin. 

Field work at Mount Wihon, —Mr* Aldrich continued'ubservinig on 
Mount Wilson until October. 1919* As sitbl above, the year was un¬ 
favorable both by reason of a defect in equipment and by reason of 

much haze, cirrus cloud, ami streakincss of sky. Also on ninny iluva 
... " * + 
a eiinous wuml«riog of the galvanometer needle occurred, Thin 

phenomenon hns l»ern noted at Mount Wilson occasionally in former 

yeare, but w;ls unusually pronounced in ltMD, I tv siwiciputhm, it 

Dutv lie remarked ihat it occurred also very markedly in Into .July 

and in August, Ib20. The march of the galvanometer spot in these 

wanderings is rdntivcly slow. A centimeter or two back and forth 

u|H>n the see Id in one to two minutes is the usual magnitude. It 

occurs with the galvnnometer unconnected to the bolometer. Reasta- 

i Rising of Lite needle system till it turned in the earth's field at the 

same rate as tlie supporting quartz fiber failed to cure the trouble. 

The Mount Wilson expedition was renewed in June, 192u, by Messrs. 

Abbot and Aldrich. 

Proponed *totion in Aris&ntu —The prevailing cirrus cloudiness 
and hazinfs at Mount Wilson itt all recent years, greatly exceed¬ 
ing that which obtained from 1005 to 1010, when the station was new, 
has been very discouraging. Furthermore, the station is quito un- 
suitable for “solar-constant” work in winter and spring months 
owing to cloudiness. It is urgently desirable to observe the solar 
radiation daily, us far as possible, in the United States, in order to 
oheck the results which are being obtained by Smithsonian observers 
in Chile. 

Accordingly it seemed test to set up a station in the most cloud- 
i-cgion of the United States, where the work could go on during 
the entire year. Chief Marvin, of the Weather Bureau, obligingly 
caused investigations to be made of various proposed sites in Cali¬ 
fornia. Koradii, and Arizona, The one of highest promise appeared 
to be on the Hmttpia Hale Mountain (elevation about BJiOO feet} near 
Wciidcn. Ariz, Congress was urged to appropriate $25,0tXI for the 
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establishment of a first-rate * solar-constant" ufa^mog station at 
tb& best sita, but the appropriation failed. 

At this Juncture Messrs. Abbot and Marvin held u long discussion 
by correspondence and wrbuQy as to the reality of the supposed solar 
variability, and its availability as a forecasting dement, hi view of 
the use being made of the Smithsonian solar observations in Chile 
by the Argentine and Brazilian weaUnsr bumms* The discussion 
brought out very dearly the urgency of obtaining corroborative 
observations of the solar radiation daily in the. United States, 

Fortunately the proposed new station obtained private financial 
support in the lack of congressional action. Mr + John A. Floebling, 
of Bomartkville T X. .1., nt Dr* Abbot's solicitation, made ll grant of 
$11,000 for pruinating measurements of solar radiation, Mr. Roelj- 
Hug made the condition t hut so much of this sum os necessary should 
hr devoted to removing the Smithsmiian station from the plain near 
Calamo, l 1 bile, to a mountain site abort* the reach of dust mid smoke. 
Aliy balance remaining after this improvement of the Chilean station 
could lie iiscil for the removal of the Mount Wilson equipment to the 
ilarqm* Hala .Mountain in Arizona, or for such other purpose as Dr* 
Abbot might prefer for the advance of the study of solar radiation. 

At a cost of botnwn $4^10 and $&,0U0 the Cakmu station wufi re¬ 
moved to a mountain about 10 miles south of Cnlama, where skies of 
ftxtruordmury purity have been experienced. The removal was com¬ 
pleted and first observations tuada at the mountain shortly after the 
close of tile fiscal year* 

Hr. Abbot visited Wenden, Ariz., and the Harqtia Hula Mountain 
in the last week of dime* J92A Contracts were made for the erection 
on the. summit of u stone ami adolje building of two stories, a lower, 
partly tindergi ound, for observing, and fin upper for quarters of ob¬ 
servers. This is to be ready for occupancy by September 15, 19S(h 
wlicn it is proposed to remove the 64 sular-constunt M observing equip¬ 
ment from Mount Wilson to Harqitn Halm 

Iho purpose of three improvements is to enable ui to obtain nearly 
every day in the year first-rate elua’k observations of the “ solar con- 
stant- 1 of radiation at two stations remote from one another In the 
twf> hemispheres. Only thus is it possible to lay ti firm foundation 
of sohir observations extending over a considerable interval of time, 
whirJi will cobble meteorologists to determine if the suns variations 
are renJIy of value as u weal her-forecast Eng element. In view of the 
results published by Sir. H, If. Clayton, of the Argentine weather 
^rvice, there is sufficient evidence that this may be the case to war¬ 
rant tlic expense and discomfort attending the continuous occupation 
of two desert mountain observatories like Harquii Utda and the 
Chilean station. 


IOC ANNUAL BEPOJVF SMITHSONIAN iKSTlTUnOX, 

(Irent appreciation is due Mr. John A. Eoebling lor his generous 
aid in stepping into the breach at this time when it pro™! impossi¬ 
ble to obtain public support for the urgent need* Only the most 
primitive equipment bus, it is true, been possible on the Hurqua Haiti 
Mountain with the means available. Unfortunately, too, it means a 
considerable restriction of other interesting investigations under way 
or proposed, owing to the partial dismantling of the Mount Wilson 
station. This is greatly to be regretted. It is recommended that 
Congress be urged to appropriate the money needed to complete the 
independent equipment of Harepm liMn, so as to permit needed 
apparatus to return to Mount Wilson. The Harqua I Jala station 
should also lie relieved of its limitations of water, of accessibility, and 
of communication, and the buildings made inure commodious. Other¬ 
wise it will be only at such personal sacrifice of comfort ua few con 
be found willing to make that it.-* work can go on. 

rEBSoxirci* 

Miss Inez Ensign resigned ns computer on September 2-2, 19L9. 
Miss I>\ A. Craves returned as computer from leave for overseas work 
in France un September 4, 1U1S), Miss Gladys Thuriby. computer, 
married, on May S, IfiiHi. Mr. Albion M. Hood, but remained in the 
service of the < Jbservntury, 


SUil 3! ART. 


The year has been marked by the practical completion for publi¬ 
cation of Volume T\ of the Annals, but no appropriation is yet 
available for it- publication. Close agreement in solar variation was 
found for 1918 and Ibli) between results of Mount Wilson Calif 
and Catania. Chile, 4,000 miles apart. A further remarkable con- 
hmintion of the solar variation comes from u comparison of Smitk- 
son.im observations in Chile with photo-electric observation of the 
brightness of Saturn by Dr. Guthnick, of the Berlin-Babe bberg Ob- 
servatoty. This comparison indicates that the nature of the rapid 
solar variation consists in the rotation with the Min of rays of unequal 
brightness which strike the different planets successive! v in the order 
of their longitudes and fall one after the other upon the earth as 
the sun by rotation brings them into line with us, A new nocturnal 
radiation instrument provisionally culled the - honeycomb pvreno- 
metei un account of its cellular structure, and which employs tlw 
well-known hollow-chamber principle of the “absolute]!- b! ft rk” 
b«>'h but without loss of sensitiveness, 1ms been successfully eon- 
in led and tried, liy the generosity of Mr. John A. Roebling. of 
' “. r “ v > lt bns t)W[l P«™a to remove the Chile station "to a 
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mountain above the duxt and smoke of it- farmer plateau location, and 
uko to erect ri building on the 1 Eiuqua Hitla Mountain, in Arizona, 
to which the Mount Wilson solar-cou&timt work will be removed in 
September, 1930, 

Respectfully submitted^ 

C. G. Abbot* Director* 

Dr. a D. Wuxr/rr, 

#ecratiuy 9 ^mithsonmn / ?wtitutvm. 


APPENDIX 6, 


EE POUT ON THE INTERNATIONAL CATALOGUE OF 
SCIENTIFIC LITER ATURE. 

Sih: I have tine honor to submit the following rapprl on the opera¬ 
tions of the United States Bureau of the International Catalogue of 
Scientific Literature for the fiscal jwv ending .TLine ;iO T m*th 

At the beginning of the war six volume of the eleventh Lassie wore 
still to be published, and only one volume of the twelfth ivitue had 
appea red- 

in spite of the evident finniirdal difficulty ahead of the Csitalogue f 
Hie Royal Society decided that publication should lx? continued 
through the fourteenth issue* covering the year 1EI-L The deficit 
bus since liven, met by generuiiR contributions from the Royal Sock-tv, 
i]sc Carnegie Corporation of New York, and other sources All of 
the volumes of the thirteenth mul fourteenth issues have now been 
published excepting those for Geology and Physiology of the four¬ 
teenth issue, which are both in advanced stages of prepamtion* 
Much of the material for the fifteenth and later issues is now in the 
hands of the Central Bureau awaiting only authority for its publi¬ 
cation* 

On mount of Lbe general upheaval felt among all international 
organisation* as* soon as war began, it became impossible for the 
International Catalogue to continue its work in the satis factory 
manner which up to that time hud characterized the enterprise. A 
brief review of the history and aims of the international organi¬ 
zation may Ikj repeated in order that the future aims and plans may 
be better understood. 

iVlwn the publication was lie^n in IWH it was for the purpose of 
satisfying u recognized demand for a complete not hoi's 1 and subject 
index of nil current scientific literature. This demand was to Iw met 
by publishing in annual volumes, one for each recognized brunch of 
pun* science, a complete an thorn’ and subject index t<> its current liter¬ 
ature. Earli branch of science was to he covered by volumes contain¬ 
ing complete citations of the author, title, and source of every original 
paper, comprising first an uuthura’ index and second a eUaified sub- 

I Ho 
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jocrt index su arranged by men ns of classification schedules that the 
literature on Any subject in a ny wf tho sciences might be readily 
found* The schedules were issued prior to the publication of the first 
volumes of the Catalogue and were prepared in every ca.se by special¬ 
ists who were careful to lake into consideration the needs of scien¬ 
tists as well as of librarians and students Provision was made to 
include new subjects and introduce new methods of reference as the 
demand nrose, in recognition of the fact that practically all of the 
sciences are in a constant stale of transition and that a plan satisfac¬ 
tory at one time would probably be inadequate to nice! the needs of 
a later period. 

Omitting the greater pail of tho intervening history of the work, 
it may he said that in 1910, at a conference held in London to discus 
the affairs of the Catalogue* if wius recognised that although changes 
(uid been made in many of the schedules, u general revision waa neces¬ 
sary mid n committee vtii_h appointed to mi|ierintend this revision. 
Authority was given to this committee by a resolution which reads 
as follows : 

Ttanc ft cotefibltlw bo lo mlse the JKhwJules and lo rnnte ouch other 

AliemiiinLH kf itufcjr V aecesien ty iti the form nf Ju t the Cntnt-n&uo + That It 
TiiJii Lc’ im Instruct lull liio committee ibal 4 so far jisj piiR?ihle. 3 tic? atihjret 
InrJr'V iwei flut'd to nbbrevUtctf tillw aotl rnjthnf* name* and annihi-ra tp «rre 
ns references u> the authors' Index. 

It will iIilib Imj seen that plans were m preparation to greatly in- 
crease the usefulness nf the Catalogue, but before they were pul into 
effect the war came md all progress wo* necessarily checked, and 
although the war is now over, financial conditions still prevent the 
introduction of new and improved methods. In spite of the hict that 
the publication of the Catalogue «as begun under financial diffi¬ 
culties, as no working capital was available* by 1914 , when the war 
began, the receipts and expenditures practically balanced* 

The delay in the publication of the annual volumes is recognized 
as the most serious defect in the enterprise, but w ith this remedied, 
:is it would have been but for the wan and with the schedule re¬ 
vision in effect ns provided for in tlse resolution above qnoted, it is 
undoubtedly true that the International Catalogue would now meet 
all practical requirements of an annual authors and ffubject cata¬ 
logue to the literature of pure science. 

A r&uiruf of the condition of the work at present cun not Idler be 
given than by quoting a statement made by Prof. Henry E. Arm¬ 
strong. who as dean of the enterprise tmd chairman of its executive 
committee^ is of all persons connected with the Catalogue! the one 
best fitted to report on its affairs. 

^ 1<1 progrefta rruulf \n the pObJlcntlou of the lotproattoBJil C-HtaTopue kSuop its 
foundation in ]* Ut ^]iiric abort of nHaarktibl^ Tw hundred imd forty* 
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volumes have liwn pubURbed, Indexing the MlenilOc U torn lure of tin? per toil 
lSttt-1014, Ail axtratinllanrily hroatl, wuml fniundaUcti has lioen to td aotl lunch 
hctpfm experience gstaed. The dime unit* tint were expect*] uj flr L^_. bnva 
•Wwf he«i nonexistent or were oitHiJy overcome. To have e4!abl lalted km 
crimpleie on orpnnlzation on a thoroughly miMefufnl working h;isi» is in itself 
a font of no iumui onter nnd miwt cmlltxbla to nil conrercui, not only to tho 
nwff of the Centra! iiiirena hut also to the various regional bureaus. 

The real difficulty by which the work 1ms nlwrtjn U«o Jumpered in worn of 
■i working capital; this tins tOtctol both tbs Cent ml anil the wy lii tinl boreuat. 
flail fuuils been alwaysavailable. tnibllcadon would have been fur more rapid 
ana the work might Imve been more fully develop*!. Almost every oritioUmi 
that has been leveled nt the Catolosnis Involves Us eHeMon, nml tbereforv 
ndtUlJonal expenditure, 

Tlin Internntifitml Catalogue was established primarily to meet 
the demands of srientilic workers by furnishing an minimi authors’ 
and subject catalogue and index to the literature of each of the recog- 
nijied brunrhes of science; hut ns it is now evident that u general 
revision of the methods of production will be necessary, as soon as 
international affair? become stabilized, it would appear advisable 
when this revision becomes operative to cstabliah some form of co¬ 
operation with the many existing abstract journals and, so far us 
pnseibJe, to encourage and aid the establishment of abstract journals 
in sciences not already represented. This need for abstract journals 
is now pressing for recognition, especially In the United States, and 
the preparation and publication of abstracts is so akin to that of 
scientific yearbooks that economy of effort in the production of both 
branches of bibliography evidently demands a very close cooperation. 
These abstract journals, organized and directed by workers in the 
several sciences represented, would, when published, form the basis 
of the annual volumes of an authors’ and subject index similar to 
the present International Catalogue of Scientific Literature pref¬ 
erably by the reorganization of that international project which 
already receives official recognition anil support from practically 
all of the countries of the world, acting through some 30 regional 


n.v some simply orgsniicd method of cooperation betw« n thi 
obstroct journals ami the Catnlogne, hoth branches would man,alt, 
aid one another to a vety great extent end would in practice act m 
on, organ,ration. The abstract, and eitations published in the ab. 
strert journals would form the bnajs of the Catalogue, there!,, 

HuT^n* : *”* "! l h " "P "”* 1 >»'"»'«• i" tore 

wou ld aid th e nhstrset journals u, many ways sml relierr them ol 

h ne ceM ty o f pobhshmg annua! indexes, at ptesent quite an „■ 
FT™ “ d h b °™?. t nnrfertnltinj. The abstract journal.and annnal 
7 1 together furnish to scientific investigators. librarians 

imdoth.ru interested in scientific snbjccts all that the, severally 
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Owing to the tin and a] difficulty which bus involved the Inter- 
Tuition at (. Lit^Iogiie since war began, the Royal Society t which aineg 
the beginning of the undertaking has been the financial sponsor of 
tltc ( ntalogue, Inis issued invitations to scientific academies and 
institutions to send delegates to a special conference to open on Sop- 
temper 1B20* in London to discuss the future of the IutcrmtLbnd 
Cnlalogue. A* the need for a catalogue of scientific literature is 
iiniveratilly acknowledged* and as the present organisation of the 
International Catalogue up to the time of the beginning of the war 
Mllfl meeting this demand in ,fi more satisfactory manner than ever 
before, and m the present organization has behind it the official sup¬ 
port of ail of Lbe principal countries of the world, it appears obvious 
that every effort should be made bo continue and improve the work 
rather than abandon it simply on account of temporary financial 
troubles and later have to reestablish the organization to cover the 
same ground. Many projects are now being promoted to publish 
abstract#, indexes* and catalogues of sclentifir publications, but the 
question of finance seems to be a common pamfiioiinE difficulty, and 
it will certainly require less money to assure the success of the present 
organization than it would to organic and finance a now project. 
Very respectfully, yours, 

Leon a no C- GtJKmL, 

A distant in Chary?-. 

I*t. C mmrs D. \Ya lcott, 

Secretary Smithsonian institution* 
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REPORT ON TFJK LIBRARY. 

Sib; I have the honor to submit the following report on the activi¬ 
ties of the library of the Smithsonian Institution (hiring Hie fiscal 
year ended June 30, 1SS0; 

The receipts of publications compare most favorably with those 
of preceding years. Packages withheld from the mails during the i 
war have begun to come in, and war regulations limiting exchanges 
have been largely removed. Although many societies were forced 
to limit distribution or to suspend publication during the war. it is 
expected that the receipts will continue to increase when shipments 
through the international exchanges may again he made between 
the United States and the Central Powers, The receipts for the 
year ended were 28,810 packages, 22,405 of which were received by 
mail and 1$15 through the intematioiml exchanges. Right hundred 
and eighty volumes were completed nmd 14,278 entries were made. 

The library hits suffered, however, from a lack of cataloguers to 
carry on the work The question of salaries for cataloguers hi the 
library m n serious one. os those doing similar work elsewhere are 
receiving at least 33 per cent more. One desk has bvn vacant for 
practically the entire year, and as the staff already was very small 
this hns been :i serious Itiindiatp. 

ffWECBSONlAN MAIN LIBRARY, 


Publications for the Main Library, after entry on the records, are 
forwarded to the Library of Congress for deposit in the Smith- 

SSi * 'SSl’ta 7 .!* " r r?SSinn mimb, ‘ rs for * htl year extended from 
ro r.34.61K, the access,ons including 3,684 volumes. 186 part- 
15< pamphlcta, unci 42 charts, i 

The cataloguing ^vered 2,332 volumes and 32 charts; 848 volumes 
were ru ntalogned, cards were typewritten and 618 cards from 

2JS™ 17 ° f f ° r Publ5a|t ’ 0ns deposited there by the In¬ 

stitution. were filed in (he catalogue; 3,756 public documents were 
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presented to the Library- of Congress in accordance wilh the estab¬ 
lished practice. 

Dissertations were received from the Universities of Toulouse* 
l f Firi&, Utrecht, Lund, Ghent, Helsingfors, Bonn, Basel, Lansunne, 
Zurich, and Geneva. 

I he securing of publications in exohuge for the completion of 
sets has been continued, with the following results: 


Nimrtjer of wont card* rrerivat from LUiraty «f Centra*: 

I'Vom ^bLiiliKouian fHvfcsloii______]70 

I'roifl Periodical I>SyI*I<jii___ _„_ _ _^„ ?n 

Warn Onler [j] vision... . .. _ _ T _, _ _ _ 30 


Total______.______ 

Number of puhlfcuiioikk BHCttrcii for Ubraiy of Cco^w: 

Voln 

For $mltEj>iOn[an Itf virion_--— ..... ._ 


For Porlcklleal DJvision__... _ H 

For Order 1 U vision___„_______ 13 

Totals_ __ _____ _ _33T 

Number nf *t>ta eompleietL 7 % 


—. 3S.J 

!*■*** 

310 

m 

8fl 

■US 


^ hh exchanges to the Central Powers still suspended, shipments 
delayed, and many societies suspending publication, the time fnr se¬ 
curing missing parts lists been far from favorable. It is worthy of 
note* however, that In spite of the unfavorable conditions a larger 
proportion of the wants have been secured in exchange than in yours 
previous, ns mriy be seen by 11 ae folluwing table: 


VW7. 

lYnni Wti 
rtnyvnL 

m*'vm 

fiJiVetL 


Wli-IB... 

3*7 

F£f 

2L0 

■ j^| 

IW7-IS. 

im 

131MB.. 

Mi 

LH 

34.0 


Bequests sent nut for missing parts, it will la? seen* are more viler- 
tivo by tk per (sent than those sent out before the war. It ts hoped 
thiit when shipments to the Central Powers through the Interna¬ 
tional Exchange Service are resumed and overseas shipments can be 
delivered more promptly that still better results can tic secured. 


Smithsonian office lihraht. 

The accessions for the office library amounted to 300 volumes and 
7 pamphlets, not including the set of publications of the Carnegie 
Institution of Washington f numbering more than 300 volumes, which 
has been placed on deposit by Secretary Walcott. Tn order In j>n>- 
vide adequate shelving space for these volumes it was necessary to 
428Q3 H <—2g, 
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rearrsng* the hooks already in the reference room, and as n result 
practically all of the shelving space is now occupied. The cbrnla- 
tion of hooka in the reference room was 2 IS volumes. 

Aeronautical n/Urrtimu —The aeronautical rot lection, as in the 
past, has been consulted by students of neronautifs of foreign coun¬ 
tries AS well as those of the United States. Additional cases in the 
hall of the Smithsonian Institution have been sot aside for the accom¬ 
modation of this collection, so that it is now more accessible to the 
public. Forty new titles were added during the year. 

A? Peyatcr coRcci&m. —Author cards for the Napoleon series, num¬ 
bering more than 1,21X1 volume*, have been made, and the books have 
been arranged in regular order in the roses in the hall of the Smith- 
son inn Institution. Author cards have Uwn made also fur the series 
in British, German, and Italian history. 

Jlcadfag room*.—The number of magazines loaned during the year 
from the reading room was 2,DOT, a decrease of 233, as compared with 
the preceding year. The service lias suffered from the fact that no 
binding could be done, owing to the exhaustion of the funds avail¬ 
able for this purpose. 

Btnployemt' library.— The increased use of the employees' library 
is noteworthy, Six hundred and forty-one volumes were loaned us 
compared with StJtg last year. 


musk™ mhhaiu-. 


Thera have been no additions lu lire Museum library of exceptional 
importance- V aluable material has laieti contributed, however, bv 
i)r. Clunics l>. Walcott, Mr. W. it. Maxnu, Maj. Gen. Jolin R. 
Brooke, Dr. A. J, tim ing. Dr. F. II. Knowlton. i)r. J. M, Aldrich. 
Dr. IV. II. Holmes, Ur. Mary ,1. Ruthbuli, Dr. \\\ H, l>ali. Dr, O. P* 
Hay. Mr. William tfchiius. Dr. (\ W, Richmond, Mr. Austin If" 
( lark, I>r. Walter Hough, Mr. A. N. Cfttidell. nnd the Kuab estate. 

Accession *,^Two tkottfsmd five hundred and forty-eight m-cesriomt 
were received during the year, Including 1^38 completed volumes nnd 
L;>1 piunphlehs. The number of books in the library is now 145 307 - 
including u0,til7 volumes and 88,000 parts of volumes nnd pamphkta 

A.vi oduith ■—Xblrteen thousand four hundred and thirty-two pe¬ 
riodicals wore entered during the year * 2,Bia section cardsfoV perioS- 
irtils find 858 section cards for volumes were made. The number of 
new curds for periodical* was 351, 

t'ah%ww;.--Tli 0 mi miter of catalogue cards added was 2J48; 
f41 books and pamphlets were catalogued. 

Lt/wis. The number of books loom* I out was 0fi02 Of the-se 
2.14* books, including l,9 5 l from the library of Congress, were bor¬ 
rowed from other libraries. Fully os many volumes were consulted, 
but were not taken out, ■ 
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Bin/fttiff ,—Owing to the increasing tvjst of binding, the library's 
funds allotted for that purpose were exhausted in January, 1920. 
As will lx* seen by the figures below, the library's allotment for bind¬ 
ing has not kept puce with the increases in coat. As a consequence 
the number of hooks sent to the Government bindery has liecn 
steadily decreasing. Following are the number sent during the past 
three fiscal years: 


l»i«---‘-----1,70(1 

3020- -*-l f .323 


ith it constantly increasing supply of volumes and many pub¬ 
lications received during the present anti past fiscal years still un¬ 
bound, the library is greatly handicapped and is unable to render 
the service that it should, 

TcchhofatjUtd Jscru’H .—Additions to tile technological library dur¬ 
ing tlie year, exclusive of duplicates, number 200 hound volumes, 
2,983 pamphlets, and 2,!>7G periodicals; ‘2,245 cards have laien added 
to the scientific depository catalogue. A special effort has been made 
to complete the files of publications, especially United States Gov¬ 
ernment documents. The books and j»eriodicals loaned during the 
year were SOD* 

ScrMonal lif/rarita .—Following is a complete list of sectional 
libraries: 


Admin IMratfou. 

Administrative b AHlHtant'd oftln.\ 

Anthro[K^f>p\\ 

Blolocy* 

Birds, 

BotfiJlJ. 

i fonipQ fa tlve ti Hut i fclny.. 

Krlitor^ {iffipp* 

EHmologj, 

i ntiTtebrii \ m pnleoniolopy, 
Muniaiitb a 


Marine* tnvorletinitea. 
Mpterifi mnllca. 

Ji.anLml E ecJutologyp 
fllciioscolc fossils 
MRmrnla 

P^lcn3 n ei I braQoftptf* 
Prulilstflfic archeology, 
prupertj derfe. 

Iteg] strains raffle. 

IlejiiShrs ntjrl NitraeMaoBL 
BtsperEntendeBt» ufflot 


BURKAT OF AJUEERICAN ETHNOLOGY LIBRARY* 

A report uf the operations of the library o| the Bureau of Ameri- 
* \m Ethnology will be found in the report of that bureau. This 
library is administered under the direct care of the chief of the 
bureau. 


ASTHOPHYSIOAL OBSERVATORY LIBRARY, 

Further additions to the library of the Astrophysics! Observatory 
number 87 volumes, 10 parts of volumes, nnd 16 pamphlets. 
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NATIONAL ZOOLOGICAL PARK LIBRARY, 

To the national Zoological Park library there were added sis 
volumes and two pamphlets. 

SUMMARY OF ACCESSIONS. 

The accessions during the year, with the exception of those in the 
library of the Bureau of American Ethnology, may be surumamed 
as follows I 

Tn the SmlLhwnlnn deposll In tK no library of Ctfngre^M, Indoillng parts 

to ooroptete sets—- , .———_--- ...._4,010 

To the Stiili.hrtorLltLii office. AatroftoyniciM Olisenmtory, a ml National 

Zoofcfifcat Torfe libra ilea—„„„--_-42S 

To lijc United Staten National M twain library--— 2,1543 

Total... . —- .—,——»———————— 0 f 005 

Respectfully submitted. 

Paul Ba-.iUKirrr, 

Axri&tunl Librarian* 

Dr, Cuahles D. Walcott, 

Secretary, Imtitntfan. 
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’REPOET ON TFTE PUBLICATIONS. 

Sut: I Liive the honor to submit the following report on the pub- 
Heat ions of the Smithsonian Institution and Its branches during 
the year ending June 30, 1920: 

The Institution proper published during the year 14 papers in 
tie Eerier of ifisrellaiicoiis Collections, ! tumunl report and piim- 
phlet copies of 20 articles in the appendix to the report, and i special 
publication* The Bureau of Ethnology published 1 annual report 
and 3 separate papers from the same report, and 4 bulletins. The 
United States National Museum issued I annual report, 3 volumes 
of the proceedings, 33 separate papers forming parts of these and 
other volumes, 5 bulletins, and 9 separate parts of buf let ins. 

The total number nf copies of publications distributed by the In¬ 
stitution saitd \U brunches was 143.290, which includes 151 volumes 
and -ep.milvs n f the Smithsonian Contributions to Knowledge, 21,049 
volumes and ,sej Pirates of the Smith-*! man Mi^llaiieous Collect ions, 
16.730 volumes and separates of the Stnitlusoniaii annual repuri.i, 
H 1,9*6 volumes and separates of National Museum publications, 
]0 jC 1 publications of the Bureau of American Ethnology, IJ958 
^pflciil publications,. 19 volumes of the Annals of the Astrophysical 
Observatory, 23 reports on the Ilamm&n Alaska Expedition, and 
5til reports of the American Historical Association. 

hWirn.^iNfAN mscrtJ^Nixira coLLXcriijtffL 

Of the Miscellaneous Colleciiuns. volume fit, 2 papers were issued; 
Volume 69, 2 papers; volume TO, 3 papers; volume 71, 5 papers; vol¬ 
ume 72, 2 papers; in all. 14 papers, as follows: 

VuLUlf £ 4T, 

5. Cambrian Geolo?) iicul FtileoB^fiLo^y* lV h No. ilSiSUJe CmubrUm. 
A U r ui\ iiy Cburk-rt IX Walcott. Itocembcr 2U, IlHfc IT S17-26Q P pi*, 

1 PubL 2542.} 

No. £L Camtarlon Ueulo^y iinil Pakonlulu^ 1 . IV, iNo- 6- Middle Cumbrian 
^iKkngbw. By Qlwrfes IX Walcott. April 21, im 201-3G4. pla. 90-00. 

1 Hubl. 2.^.) 


117 




118 ANNUAL REPORT BMEEKSOXIAN IXSTiTLTTOX, 1501. 


Tomipt au. 

Nu. T Smtth*mlau TablML Aii£u£l 19, IB1G, 2isj. pp. (Pnh^ 

2493.) 

No* 5. Mnuiiajolji of pLULUEisjt By Edward A, iluUiuau, April 22* 1020. 2j<i9 
Wb> 30 [tin, (PubL 24S&) 

VOUJME TO, 

No. 2, Eiplwnilions uml ftcld-wark of me SudLbHoulim IimUttltlcm J n UUS, 
July 15 p 10m 122 pp, 4 127 tigs, (Fold. 2535.) 

No. 3. Archo«lofScftl tnv^tt^&tlcme at FuntECffiali, UtatL By Nell ll Judd 
July 13, 1010. 22 jip M 13 pit (PtKbL 2SS6.J 

4. Temperature variation* In tbe North Atlantic Owmi and in Hm aimiw- 
plurc. Introductory etudes on flip mum- of i-iiniftLoluglirjil varlai^iiA By 
Bjlim Hi lltiml Hhilwib and Fridtjof Nansen. H^l^na Fund, April 17 1020 
rf? p 4S pi*. I Publ. 2S37 > 

vottilira t t, 

NO* 2, A lamiitHt uf reaching enmuv mil Hides* By H. (hHldnrtl 

December 30, 10U+. tftl p|x 4 10 pis, (PnM, $£40.1 

No. 3, Variation in solar radiation and iht* vreaihrr. By 31, Beta Clayton 
(iTdrorltu-tpry noth* liy C. ft. Abbon January 1G, 1020, ra pp, K n - ll(i r p ub | 
2^4.1 

NU 4. The brightness of the «ky> By A. F. Moat* and L* H* Abbot, Ht*ls;ktM 
FuotL February 4, 1B20, 36 pp. (PuhL 234TL) 

No. ft. Observations of the total solar txll pso of May 29 f 11>13, By Cl. a. 
Abbot And A P F. Moore. January 31, KriO, 12 r-S'.. l pi, fPubl. 23TS.J 

No, fl, New apeclfs of plpwr from Pamela, By Ft^imlr do ftaiid&lte Feb¬ 
ruary 12, JQWtL 17 pjL iPqhl 2579.) 

VQLUVl fl* 

No. 1. Blx^ocmtlocs and Held-work r.f the StuithswmijHi Jmsiltutlnn In 191& 
May fl. 1029. SO P9-* 77 il^. (Publ JSS8l*» 

No. 2. Tvro, m-w Easm Afrirnu prftuah^. By X, llolibuer. J lulu Lire 
£|4>. (Publ. 2582-) 

SMITHSONIAN ANNUAL REPORTS. 

ILCHIUT VO* HUT, 

The complete volume of the Alumni Report of the Board of 
Regents for W17. together with pamphlet copies of the papers in 
the general appendix, was received from tlie Public Printer during 
the year. 

Atmu*l Rt-v»n at tlie Hount of Rreems of the StiiUfaonlan Ins!It 11 Mod sin.w 
hn? oliewltMut- wpetwlitwres, anil wnOJtltra of tilt- Ingritutton for !]«■ vc.-ir 
crnllug June 20, U»7. *11+07-1 pp., 241 pin. (Pefcl. 2502. > 

The appendix contained the following papers: 

FToJecdle* cotitnlnltiK eipl-udve*, by ('mimmnlaiir A. n. 1B ™ , [>u j, } 

2503, J 

Hold aim silver >Hwlta in Ninth un d South Auiertca, hy WuMemur Utl.l 

■kb. 27 pp. IPubL iHOi.) 
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The rompoaEtk'n und utrwL'tnre of mcteorl te* cocnparad with Unit uf lerrv-*- 
IrUd rocks, by P. Mi-rrtIL 14 up., 9 jjLh, (PubL 2S(J& > 

■Oortili* ttml tin: furtikiuLuo oC coral ms/s* by Tboffiaa tVuylund Vangtuui. -SS 

|]j% t &7 pis, 

Tlie corrolutiiXi ef the qmUernjKiy ilepasRu of the BrllMi lutes wlrb those of 
Ui* contlDcut of lEarope, by Charters E, P. Brooks* 99 pp. <PubL 25074 
No turn I bintiiry of Paradise Key imd the nflOrby f^VerpliiiJm uf Florida, by 
W* H fintforiL 5a ppu, &i pi* H I>uLiL. 250k) 

Nn|p^ ml Illu rurly history uf iho itoturi In AUhtUvi, by Hui'LiJuy n, Time. 14 
m fPtrtaL 2m.) 

Flam! aspects tjf Lbe Hn^vailati IsIeowIm. by A, g. Hitchcock* 14 pp, t 23 pla 
(PubL 2G1 Ul) 

TUu nodal, educational, imd sciemllfa tpJqo of botanic gardens* by John 
Merle Coulter. U pp. J PubL 23LL) 

Dint rookeries of the TorluifaHp by Paul Barlach, 32 jip-i 3S plsi (Publ 
2Tif±) 

CjiLuErEiSj In FbjkauMne, by 1*. Schmidt. 5 pp. (Publ. 2S13.) 

An economic canjrtflcmrkn of nrthojiiera directly nffeetlng man* by A_ N, 
CtantfelL B pp. i Pubb 25114 

An. outline i.f the reteilon* of animal# to Uiclr Inland envlrehtaoim* by 
iJlmrlm t:. Adam*. 2B pp. IPubb 251k) 

Tile XiuhniTil SfoulOgjimi Parte—A iwpoUiP recount of Hh collodions* by N. 
HolhiitCT. &1 pp., 10 pU, iPubi Ml 

'fbe aen iid a conservator of viiates uod n reserv oir of food, by EL F. Moore. 
^■4 bfu B pis, cPuhL 2iTlt.) 

Ojlhvmy hablta items mid other structures, by DayId 1, Htt^htudL Jr + Q pp, t G 
plH, (Pub!. 23lk) 

Kiitkainl work at the BrlllHh Museum—Muteri tiu nm I ndvnhicm+'ut of learnt- 
by F. A If Either. lf> pp, (Ihibl, 2519.1 
Ix'oniinl Fudua, physlduti iitiil botjmi^E, 11501-1506* liy Kells Keniminu. 13 
bp„ T pts, fFubl, Mi 

lu toemorimn—Ed^ur ASrKJindor Ummt^ 1S5G-UUG, by ClmrteS \\ r . EUchUkUDd* 
11 bb., 1 jiL a*ubh 252 l ) 

WlllMiu Bui lock Chirk, 4 (PllbL 

MU’Ciirr rou ioi± 

Tlio ^iierLil flppenclii to the report for 191B, which was still in 
P*®*® ,lt tile dose of the Vi k ttr f (-on til ins the following pujters: 

b I'lio GJrtftn-ery of helium. hemI wlml eaius 1 of It, by C. ft. Ablwn* 

Au am»tiut of the rist! of imvlguiluii, by U r II, Curtin, 
d. llio vurnmhMht of the United Biatosi, by Robert I>cU XYitriJ. 

4 iVitid i>ower T by James CorlUl. 

1Jr A tribute, Kniuuel FhTjKiEit laun^Ley: Pioneer In prueik’til mvlmlotb by 
Flonry ^"ITnjiilqli. 

« Mndttn Itliysies, l-y 11, a. MHlIknn. 

i- Fhv i , iijNvi’liiM>iit»s of |>r r V, W. BrldfFncm on tlM 1 properties of mailer when 
uniter hij;h pri^sun-. ImrrMlu- lory nolo by C. «, Ahbob 

yi il? PruliEefij of njilt.jjntlvc lemh by Thbdrtorf W. LUclinrds. 
ib *st-lia£muin maw; wap HubiiUiute for cotton In absorbent iurgleat drw- 
ln ^ a « t*y th^nr^r.- el Nlchohi 

10. Tllfttorv of mMIiury medldOe nnd LE^ coutrlhutloun to wSeha% tiy QiL 
" ■ Kf Khnaiburlnli!,, 
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11 + Sotiif problems of Sntermitloijii] riMuljnsrmMu coliiem! stippiM ns indi¬ 
cated la receiat foreign Literature, by Eleonora R Bllti&c 
3^ frcjitllr rottmatnucUans Iti the United State* ftatiomd Muwum* b_\ 
Ghitrlfi W, Gilmcira 

13. A lldstottelie cave deposit of western Morylniu], by J T W. Gliiky 
14 + Paleobotany; A sketch of the origin and evolution of flora*, by Edward 
W lierfy, 

1?\ The direct action nf ouvlroiuaeat mid evolution, by PrUwti KrapotkltL 

id. The luw of Irrovurslbltf uvula Llmi. hy linmlsiiiv PetroUevlerc 

IT. The funds ruemni factor of \nmnt Solution, by £ r $ r Obetvs'rlkov. 

1ft. Tilt- pay chic life of Insects, by II L. U-nuvJer, 

I ft Wes mil election uml bird soajf, by Oumncey J, IbiwkluK. 

2U. Murine camotidpttni and Lbclr cumruiiJiLgut The present mol prospect! vu 
Mpil d eti nce of fen** reminJIng cotorutlon of tropical flsbes, by \V„ U. Lua^by. 
2Xr IViol-pluw jicflctlhnrc la Peru, by Q. R Cfook. 

Kan worabEp of tbe Hop! Indian*, |jy J. Walter FrwkeJL 
Jlu 3 League of Llie Iroquois and lb? tmvtJtnLlon : A coastlttLttoiml league 
of imt™? hi the Stone Age of America, by J r M. B. IlTnvHt. 

24 Tim fitoblain of dt^eneruey. by ft. R TredgoltL 
2G T B&tufy in tool*, by W. M, FlIudor.H Petrie. 

20 r The biLctcfonuLl of Tuttralsto* by E. WnnUbunn Hopkins. 

27 . A great naturalist : Sir 4 -^ ^b Hooker, by sir E, tfcuy laakeiter. 


wtroaT ron luiu. 


The report of the executive committee and proceedings of the 
Board ol Regents of the Institution ami report of the Secretary, both 
forming part of the annual report of the Board of Regents to Cun- 
gress. were issued in pamphlet form in November, 19lp. 

Weport of tkfi ©teeuti?e cauunLitra and proceeding* 0 f the Board nf 
of ihi- SixiiUi^unbiii lii>i(tuilwn fur tbe year umltug Jwm 3b VW\ is i.ii, 
(Flibl. 254 &) J * 11 

B*wt Of Uw JSOCWtar? or the Smltlisouluu IlLHtlluUoil for the rear onillre- 
June So, im 106 pp. (PabJ. 2547 .) * 

The REJieral appendix to this report was in preparation but did 
not go to the printer until shortly after the dose of the year. 


SPEC UAL* P UBLICATION3, 


The following special publication was issued ■ 


FuWLcutlcns of the SralihiMmtun Institution Issm-J Mwwh (Vm*. 
anti .inly 10, tOLI‘, August liL l|}i&, i p, (ptiM. 2B41,) 


tC. ISIS 


PUBLICATIONS OF THE UNITED STATES NATIONAL MUSEUM* 

Th* publications of the N.tiotul Museum am: <„) The 

Pf rt u ' C °Tf‘wi i) ^S l T JCM,lir W i the tMted State, National 
““T ?I “? <“■) ,h » of the United state.Netiona! Man 

rtatl, inehldc, theCantnbatioiis from the United State., N.7un.i 

Ucrbammu The editorship of these publication, is vestal i„ Dr 
Marcus Benjamin, lu r 
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During the year ending June 30, 1920, the Museum published 1 
annual report, 3 volumes of the proceedings, 83 separate papers form- 
ing parts of these and other volumes, 5 bulletins, and 0 separate parts 
of bulletins. 

The issues* of the proceedings were as follows: 1 ulnines 54, 55, 

ami 5G, 

The issues of the bulletins were ns follows : 

Biilli'ilu LOB, ContrtbuUoDH to the aeoluRj - an«l (itili'initolusy of Uio Canal Zone, 
Panmnu, and f!wf!tu|ihtcflllr related area*! in Cemifwl America anil (he Heat 
imile*, prepared timler lb* directlw of Thmoas Waylawl Vaughan. 

tot) let in 100 (test i. North Americas i-urly Tertiary BryoaOO, by FeriUnuiid 
f.'unu and Kay S. Burster, 

Bulletin 10?. tJf* hlHtwUn of North American diving birds. Order PygopxM. 
Ily Arthur ClowLanil Bent. 

I to He) In 108. A revision of the mure tic termini, by Nathan Banka, with ante* 
ca biology anil uHAsi tplilc illatrlbiithui, by Hhimm E, Snyder, 

CaatrlbuiHiim from the United States Xutlonul HerUirium, volume 31. Flora 
of the District of Columbia and vicinity, by A, H, Ultchemk and Paul 0, 
Steudley. 

Of the separate papers of bulletins, the following were issued: 

Bulletin 100. CdatrlhuiEoti* lo Use blooey oJE tii* Philippine AnWptfWn *od 
adjfiivnt regions. Volume I, part 0: The relatlonslilprt of thtf BPWi 
nirtmi, TlnttpoTiL^ and BxcnJo^ypflliia an IndMtBd by iwat Philippine umte- 
rloL l>.v Joseph A. Cushman. Volume li, jmrt 3: Pyrosdtiut—A taxoaunHc study 
L-aavd upon the CttUtetLpns of the TJoUkI State* Buraia of Fisheries and tho 
United SifttcH NnUofiul Museum* by Uaynnnl U. Metcalf nh<I Bcft R- HopWus- 

Bulletin Hia O^mtrlbutlunn to the geology mid [laleontDlogy of iho Cmuil Zorn 1 . 
Pmumm, and geokigtailly related arms in Central AtneHeu ishd the West 
Iudlefi. Pages l81W££l: Fost.il rortil^ from Central Amerkfl. Cota* niicS Porto 
Hlea, Wien cm utttount vf the Arogrlc^n Tertiary, Pleistocene* and rmtit rafts! 
rwf^i by Thomas Waylmiti Ytniplimu 

Of ih ft rcimd n iiiic iKfianitca, 4 formed partes of vdottin 2d sod 2 of volflmo 
22 k cnntrlbmifitkH from the United fttntiw Nutloujil Horliarlnnig white 1 
from volmuu 55,1G fmm volume 5a and id from volume 5? of tfm pro™.'dLD^ 

PUBLICATIONS OF THE BUREAU OF AMERICAN JSPBNOLOGY. 

The publications of the bureau are described in detail in Appendix 
3 of this report. The editorial work of the bureau is under the 
direction of Mi\ Stanley Sourles* editor. 

Lharirto the past year four bulletin^ the Thirty’third Annual Ke- 
poii, aud three separates from this report were published* as follows: 

Bulletin oo. Handbook of AborEtfunl American AidEftuItles. By W. EL HoIu» 
3SO pp. 

Bulletin fiFL Stmctnrol and Lexittil Coti^MUlMl of ifre Tonics, Cliltlmacbiu 
aud A taka pa luingungcs. By J*?hn L Swnnbotl. 

Bulletin on, Native ¥ Hinges and Village Sites East uf ‘he Missis pet- By 
l^i rid 1. BiiHhnotl. Jr. ill pp M 17 pK 

Bulletin m Prehistoric Villages, Cafiilea, out! Tow era. By J. Walter FflWfeefl* 
7U m aa pK 
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TtUrtyrihlrd Annual lir-ptsri—Acctimipnnfing Papers: f 21 Ui« of plan m lay 
the tnillairiH- nf Hn* Mlasm>r1 River n^lnn (till mure); (2) Prellmlnarr aceonnt 
pf Hie unUauItitTi «f the rtr4*lon between the Maimuc uml La Fin in. Riven* In 
ecu ih western f?ntumilti ( MnrrlAV: l£h Pusfcu* ujl p^tutr.rip Hojal i^uteiy 
(Fawkes) ; ^4) Tlie Elmv&tliiti romance of Liile-Utu^tviU (Rttckwlihi, 077 pp 
BGpK 

Thru- geparated from Xlw Tlilrty-ihinl A emu* I Report, 

There were in press at the close of the year five annual reports uml 
nine bulletins. Tint bulletins were ns follows: 

Bulletin HT, Alsen Tests Jim I Myths ( Fnu'htenlwiisi> 

IhiUeLln 7L Nfiits™ €emrl«-l**tf run! FVarun of Burly! East of the IUnbJbsIpM 
JButfhiicU). 

Bulletin 72. Tlse Owl Sacred Puek of l he Foe TmiUnR <MklH4*cm). 

Bulletin 73, Curly Hilary of the Cn-nfc Indian* notl their XHirlitnir* ( Rwob- 
tea), 

llulli>i In 74 Eimvatlotis flt BadlLiLgo, AUnRmtln, B. F. Veiclro (Toiler 5 r 

Bulletin — r Northern Hie Music 1Evn*inure4 

EtulknUL —. Ihmriun ansi HtU^tsu Musk- (tteoittuirek 

RuPeUn —» RnhilthHik of tbi* Indian* nf California < K rTHfher ) 

Bulletin —* Arrheolu^Sctil Uive-itlKHtloiu kl the Oinrk lUgrlun yf rVnmil 
Miami ur i (, Fowke) + 


REPORT THE AMERICAN HISTORICAL ASSOC IATION, 

The annual reports of the American Historical Association -vre 
transmitted by the association to the Secretary of the Smiths minn 
Institution, niul ure communicated tu Congress under the previsions 
uf the act of Mimrporiitmit *>f the ussocinlsun. 

Volume -! of the report for lfllQ was published during the year, 
and the reports for lfilT and IS>|M were in press ut the end of tlse year! 

It F! Pi HIT UF THE NATIONAL SOCIETY OF THE l»ALT;HTEItS OF Tjfr 
AMERICAN HE VOLITION. ‘ 

Tlie manuscript of the Twenty-second Annual Report of the NV 
tional Society of tire? Daughters of the American Revolution was 
transmitted to Congress according to law in June, IDdii, 


THE SMITHSONIAN' ADVISORY COMMITTEE ON PRINTtNii tvn 

PUBLICATION, ’ 1 


The Smithsonian advisory committee on printing and publication 
passes upon all manuscripts offered for publication by the Iristitu 
tion or its branches and consider all forms of routing blanks, lin J 
such other mutters as pertain to printing ami publication. Ten meet- 
mgs were hold durmg the year and 9;! manuscripts were acted uixm 
Respectfully submitted, 1 


n T . UT W. P. Tutuj, Editor. 

Dr. CfiAfiLEa I). Walcott, 

Secretary of the Smithsonian fmtihttioiu 



REPORT OF THE EXECUTIVE COMMITTEE OF TITE BOARD OF 
REGENTS OF THE SMITHSONIAN INSTITUTION FOR THE 
YEAR ENDING JUNE 30, im 


To the iimrd of Rnrjtnts of the Smithsonian Institution: 

A our executive commit*re respectfully submits the following re- 
port in relation to the funds;, receipts, and disbursements of the insti- 
I ut ion nml n statement of tho nppmpriationa by Congress for the 
National Museum, the intermit ionai exchanges, the Bureau of Ameri- 
ciui Ethnology, tlie National Zoological Park, the Astrophysieii] Ob¬ 
servatory, the International Catalogue of Scientific Literature, etc,, 
for the yenr ending June SO, lft", together with balances of previous 
appropriations: 


H\f iTitsoN tA s mwTmrrioK. 


Condition of the fund July J, 1930. 


The sum of $1,000^000 deposit^ in the Treasury of the United 
States uii'lcr ml of Congress is & permanent fumL lifivinp: been nc- 
cumulated by the deposit of Lioqucsts from time to time. Subsequent 
iwpiests and the income therefrom are invested in Approved sectm- 
ties, Ffie sc vend specific funds so invested are now constituted ns 
11 r> ' v ' an ^ clnesed us the consolidated fund: 


IJwljfkfna mteraj ft, n d_____*37,275,00 

tiling niiMl_ _ ___ J|T. ft) 

Avery to lul .---__ 10,838-34 

*“■“ T. held ri,„d____ -mi* 

T - n,1(l «vorjje w. Foote fund.... 4. 98& (X> 

iJOULiv K. i^unronl firm!_______ 221,00 

Suiitlisott fund .____ __ i, 301,00 

ChaUberfutti fund __________ io.ouo.ou 

Hrnci* TTiiv1ie« fund..__________8,335-03 

I [Hint Icon fiut| __ | __,_____J_ sou, uo 

Luc >' B. Unirrl fund_____._ : V l, 100.25 


Total cuftBollUit ted flicd_{£t,3KMG 

Sftytml i>f unimp roved land near the city of Lowell. Musa,, 
aiming n part of the legacy known as the Lucy T. and George W. 
oore fund, were sold during the year and the sum of $-140,07 was 
ttmlized unj invested. 
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Statement of receipts onJ diffrurjruiAU* {turn Jvfy J, t$ti ? p to June J0 P IP20. 

KECFUTH, 


f’jiAh n n deposit umi Ld safe July 1, Iftlfl - 

Interest cm funil la ITrUted Stato Treasury- *GO h 00O.0O 
Odier lutcmti ....... 3 , 051,37 


$2,122L7S 


I?epflyiiKiD.t^ T rcntsils, iHibUcutU)iis p c|(!_ 
V’ontrlbuUcHiM fnr specllkr frar[MirBefl^_ 
Dills nwolviitila ~_____ — 


Proceeds from snip of r\>ni e*tuu>_ 


-- $05,651.37 

- — 00 

- _ 4L171,S2 

--50,000.00 

« - — 440,07 


l>i»ernSiEME> r TB. 


fttilldJiit#, cm re and repaint. -_ 

FurnJture and tortures-,___ 

General eipenm; 

Salaried_ _ 


1TLTO&35 

mwi. is 


fl, 013.03 
1,300,44 


___ 

Slat louenv______ _ 

Poslnflp, to3e|nipli t fctiid teluftfume?- 
Freight ____ - —-- „ 


Ladifootala. fuel, anil lights, 
riam^e 


Library_„_ 

[‘tthlk'n lions uml llielr tllAirthuUoii i 

M kclkoeoan col Lrct lucid_ _ _ 

t^poi'ls ___ 

KjHH’iat pub! IratiQEis. _ 

Publication suppIEra _ _ 

Sit Wien _--__ „„ . _ 


Hnrrimmt pub II ml Urn* 


21, m 74 
124. em 
W& 09 
730.1*4 
72,32 
BB3 t 03 
t. im r 2B 


3,277, 60 
151, m 

m m 

217. 30 
7,240,32 
3S.S2 


24.07l.21 
2 P 888,00 


EiplDnitEim^ nml __ _ _ 

Hodakicu icpedfc faoi 1 + iwrclK M^ and publication*. 

Intermit JoMii exchanges , _^ _,. _ ___ 

Costall dated ftiiii] SInvested}___ ___ t 

DHLs rtHrtdvBbie. lime certlikafltw^ __ 


flrerupd, OMSQl MhUhI lum\ - - - 

Advanced for G<?hl expvnt^-d. etc -- - m - 

Etepatfu*] wub Traumre* of Uae Cnlird states and 

l^buok - --- T3.1M.34 

Casi oil hand .. , ____ „„ 

- - -—„■ 200 00 


10,042,32 
5, 7*4. 05 

10,04432 
3.000.37 
0,005 . 30 
40,000 00 

maa 

40, IMTJ 
100.000,70 


——— mm 34 

173, Oil. 13 

The itemized report of the auditor confirms the foregmac sL ate- 
..u*ni of reccipta and expenditure, imd is approved. A summary 
of the report follows: J 
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Capital Amur Co. h 
Public Accountants & A u Girons, 

Tr<ttrMfffff0tt P k <7- 

Efraitiftu Cfnnmttfee; iJourd 0 / Aingftia* /lurffuftoni, 

Sin: W* 1 ielvh> tisuimiiOfl thu nccmitita mail voucher* of the SnLltfMnlBU 


Inal kilt Ian for Lho flscail year cacbnl Jimp JU> P ifEO, nnrl certify the following to 
he a eoirert statpraoul; 

Total rccPlpto„__ _ -______ _ fl71 + 7S8. 

Totnl disbu racni^niA __ __ ___,__ 1 FA GQfl. 7 ^ 


Hxifts* of receipts over dlHTiurseoHmL^ - -,__ 11, JELSfl 

Amount from July l r WW—- _—~___..._ % 3122,7$ 

IkiJnnce mi linnil June SO, 1020,. ___ 10,801*84 

Bnktnce ;tE hIu wii hy Treasurer's sfcaU mcmt jin of June Stf F 102ft- 14,600.41 

OBtskmdfng chocks_. --— 5, ISO, W 


Bnlimct! ____ _____ D k EkVT. 25 

1 hi Ian up, AinerlfflQ Nnticmit — __ &, r«i7. 00 

Cash 011 ___________-_ 200,00 


BnUtnec Jujui &X __ —- -- IS. 3ft4. 34 


Hie vmn'lim ropregcadni? pji^flpnjii from the Smithtfenlno Ifictrtiae (taring 
the yp.nr. each of which toenf» the njapruiviti of the »irrvtW af, In his iiN'P^t 
of Lhe 1 luting secretary, tini! n cortiflcatr thut the uhuhtIliIh elillI ner vices' chared) 
were ti polled to the iitirposna of the instilullon, Imvc Iwcn MCflinincrl In too- 
otctlon \vhla the tinuhs uf the lufltUuttan and ugm with them. 

Capita l Aitht Co., 

By WitUAU I-. Vaibk^ iVorirfmi. 

All ]payments are made by check signed by the secretary of the 
institution, on the Treasurer of the United States, and all revenues 
ore deposited to the credit of the same account, except in some in¬ 
stances small deposits are now made in bank for convenience of col¬ 
lection and later are withdrawn in round amounts and redeposited 
in the Treasury, 

The practice of investing temporarily idle funds in time deposits 
has proven highly satisfactory. During the year the interest de¬ 
rived from this source Jins amounted to $ 1 , 320 . 60 . 

y°W committee also presents the following summary of appro¬ 
priations for the fiscal year 1020 intrusted by Congress to the cure 
of the Smithsonian Institution, balances of previous appropriations 
at the loginning of the fiscal year, and amounts unexpended on 
dune 30,1020: 
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Mkxhv Wjiitu, 
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PROTEEPINUR OF THE BOARD OF REGENTS OF THE SMITH¬ 
SONIAN INSTITUTION FDR THE FISCAL TEAR ENDING JUNE 

t>vj i 


AfTNUAX BTEETrwO HECEMBEB 11, 1010. 

The board met «t the institution sit 10 o’clock u. m. 

Present: The Hon. Eduard D. White, Chief Justice of the United 
Mates, chancellor, in the chair; The Hon. Thomas K. Marshall, Vice 
I resident of the United States; Senator Henry Cabot Lodge; Eep- 
mentatuT Lemuel P. Padgett: Eepresantntive Frank L. Greene: 
the Hon, George Gray; Dr. Alexander Graham Bell; Mr. Charles 

■ Choate, jr.; Mr, John U. Henderson; mid the secretary. Air. 
Charles D. Walcott. 

M 

AI-ltUNTMENT f.ir JIEClEKTff. 

The Secretary am ion need the appointment, by joint resolution of 
Codgnsss, approved by the President January 7. 1810, of Mr. Hubert 
1 r'wkmgs, of Missouri, as a citizen regent to fill the vacancy 
caused by the death of the Hon, Charles Warren Fairbanks. 

Also that the Hon. George Gray, of Delaware, had been reap- 
min' y J ° mt rC!?0 * ,li '' m approved by the President February 26, 

A W * v. 

Met li|l McCormick hud been appointed by die 
V job 1 resident on December 3, to succeed Senator Hollis, whom 
term ^ Senator had spiled. 

ctfAmMANsmr or executive ooniinm 

On motiuo, it was 

^ llaE the Hon. Oearge GnflT tie reelected a raember of Ihr 
^numitep f ourJ ilmt he he ctm tinned Ln thv podtfcrt of chairman r*f the com 


EESOLtrriOjf RElATtm TO INCOME AND EXPENDITURE. 

Judge (iroy, chairman of the executive committee, submitted the 
following resolution, which was adopted: 

That the lowme <:»f the Institution for Hu* llsml year efldinj; June 
>fc 1£i “ 1f ,kh Appropriated for the jieiriee of the Institution, to foe expended by 
* »■ »icmaiy with thq advice of the executive conmilftee, with full dlaurtiloTi 

°*i “* »=* ** U* *HTetarr o* to itermt 

m 
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ANNUAL REITUIT OF THE ENEtTTSVfc COST MTTTTE- 


Judge Gray presented the Aimual Export of the* Exet-ntivc Coot- 
mittec showing list* financial condition of the institution for the 
fiscal year ending June 30 t lDI9 t which was fidopted. 

annual rtvnwr of the permanent coarMmri:. 


Judge Gray presented the tirmual report. of the penimneht com¬ 
mittee ns follows: 

Dtcwmai jLL i £H0, 

Tn if\r Board of Rcyctti* of the SmitEtonian Imtitnlioru 

UKrirucMBPf: tour j^enruiiient f^nriniJttee submits IwRTPJth Hf retort f<ir the 
yoar on tin- matters under Itn supervision: 

Hodgkin*- fund .—At tin- lu^t nnUun! meeting of eIli? Imnnl, in Ml P^rmb^r I 2 S 
IMS, y«ur ixniimltti'e retorted tluit f 15,000 hnd been u Hotted frum il ■■ H m i ikhw 
fund to Df, Charles O. Abbot. director of the Aatropbi^cnT Observatory, fnr 
the nurpiKH- .if carrying un rescaridie* In wdar mdiarkon nt 11 Htathw to be 
established In 1 he Artji'MLuc* Republic, It via# cxjUiiIukT that war conditions 
prevented Lhj*> and Unit i it sterol. work bad been done Jr. North Carolina and at 
ft station e*nafrl?»h£HJ nt CoTamn. Chile. The latter work Ts now under way* 
itrnl additional uH^tment# nnicniniSnf; tn $*\200 have been made. 

Under the nlkdmenl of S 5 ,O 0 U [.rev! oh sly rL'iwrtt'd, l>r. Il IT. tjiuldgrd* of 
Clark Ooltejre., Worcester* bis a continued his work in tlevidoplug rataJn 

devices to be 11 Fed In I'entietiJoii with I he study of thu temi M rntnrc of the 
higher atuif^plieric Ktrata. 

■i ’vni —One lc-i only. Nn. 140 Eo#l Cm phot Street; n-ntahs* lo lie . ia>s- 

|Kwed of to Clone tip 1 he Avery estate, which now tornls $28374.74. 

Tha Poore ht-ijurHti —Since Llie Ea#C n^rt several of the lot* he Inning to tails# 
property, eitnalid Its I^weU, have been m\& With these nddLtlons nnd 

the niirtsln^fl of the food Le> dnte the leftist now amount# to ^O.T^O.lOr. 

The Bnur fluyh* ■■ fjeflae*f to be used for the founding of tho ll m^ Alcove, 
mo«’ tolnhf ^>,7117-12, 

Vrter Art (JaHery fn*tl w —The comilUon of the fund b u - follows: 
b™ 8 **# 8 —-— ----—— . -—— si.ftip, am, -is 

m-n.i In. w- —-—- 1.001,467,00 

nulfln«? --- 2 r> 7 , 7 S 3.70 


VS40,201.4S 

Ctm'tfUatrn jW,—Tlw ^n>-4tdnUii fuel of tli c inatiLnilon, wliieh wnslatn 
.■r Invi'Mtiixint* In citvs^ 0 t Hie IKfrmai.vnt fund of ikiiosiird in tl, 0 

U 11 1 It'd Btate# Trirftfiury. now totals |7lX^I.SS. 


On inolion, the n-jwrt of tile iwrawncnt committee vvns accepted. 

UmiltT OT m COMMITTEE ON TlfK UhH OF Tlir Mt'SfctTM rf rnt^ r. 

In the absence of Mr. Henry White, chairman, the following report 
was presented by ^enntor Lodge; 

DKcnanm il, mil}. 

To the tt<mrif Of Riw'rIm f ,f (hr Nnrlfk#(MtfriH Jiufl/utfon. 

fSKMi.rwtv; In Ibe nb(enr« of ttie ekalrmoa. Sir. Urjiry While r siilunlL ibe 
fullowint: retHitt: 
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At Ujo Ioac annual nweiiiu; of tb4 Inijinl, your committee reported upon the 
ttceapflufj" of r tiie Natujll History B nllillng of the NatJoflul M useum by tbs 
Bureau of Wax Hl*k IrburMni^ ^howhijr thisi IS&jm ^lURtv rout at its first 
lint! saconrl floors Imd been ctlluttuii to Oil 1 piifpo?es; of the bureau, uceommml&t- 
ow 5.900 of Us employees provide thin >p:see, the building bin] beun 
lIosihJ to the public in LoropHorno with tho rciia^t of the President. 

It was the umlerstumlintf tlmt the bureau would remove to Its own Quartern 
at Vermont Avenue and H Street uiam the completion of the building then hi 
r^iitir^ of oo:irtrueLiim. aftr] return to the National Museum the rO:K.v it hud 
iHTtipled there in the >omo eondillrm hi which It hud h-vsn turned over to the 
bureau. The bnnmu vacated the mnneum In ihe latter purt of Murch T frnt for 
luck of futipfri VOA unable to folftll 3 is ehlluutkms he to repniri^ and it was 
not until April tlmt thy Museum, out of Ua limited fund*, could pn-paro the 
bunding m as to bo reopened. 

Tour '^nimiLUe In pleased to report, however, that tlae deficiency act of No* 
™ nI ^ r -b1015. curries no item of which the Bureau of War Elsie Inatir- 

nrice 1 a authort^cd to pg> to the National Museum on ucojuoi of the repairs 
mill fitter fioepense* irirtijent ta I he bureau's occupancy. 

BejrpectfuHy unhmitttfL 

(JSiKiied) IL C _ 

Member of Committee. 

On motion, the report wns accepted. 

ASNCAJb HEJhJTCT OF THE SECRETARY, 

The secretary submitted his uhdemi] report for the fiscal year end* 
ing June 30, 1019, which was accepted. 

THE £ECRETANT ? S SUPPLEMENTAL STATE1TEKT. 

Aeedx of A T ali&raZ Museum .—The pressing need? of the National 
Museum are additional space for the accommodation of its collec¬ 
tions and the increase in its scientific and technical shill, the apace 
ingestion especially rapidly becoming more pronounced and ecu- 
burnishing. It is evident that if the museum is to keep reasonable 
pace with the development of the country T these needs mast be met. 

The Natural History liuHding was designed exclusively and ia 
needed entirely for the natural history collections- It bus been 
nectary, however, to make provision in this building for the 
National Gallery of Art, one large hall in the first jstorv lacing 
devoted to that purpose. Further crowding hm resulted from the 
utilization of the west and northwest rnnges and the foyer with 
adjoining rooms in the ground story and the rotunda in the first 
story in the assembling of the war collection*. 

In the Arts and Industries Building conditions are even more 
serious. By 191" the building was overcrowded owing to the devel¬ 
opment of tho various divisions in art* and industries, particularly 
textiles and mineral technology. The great increase in the collec¬ 
tions for the Division of History is due largely to the acquisition 
42ms*— 22—a 
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of tire in ale rial for the \i ur Museum, which ling necessariiv increased 
the crowded condition of all of the 1ml Is, 

The museum quarters in the Smithson inn Building are also con- 
gested. The laboratory space of the division of plants, the National 
Herbarium, has become so inadequate that it will be necessary to 
ask for the erection of a new gallery. This, however, would only 
provide for its normal growth for possibly five years. 

In 1917 the Congressional Public Buildings Commission was in¬ 
formed tlmt the museum would require two new buildings to properly 
accommodate its collections, and that the prompt erection of -.no 
for immediate needs was urgently necessary. Conditions have ma¬ 
terially changed since then, making additional housing still more 
imperative. The close of the war, the attendant revival of the in 
duf-tries and the arts, and particularly the development of the war 
collections, have nlj brought to the museum greatly increase.! collcc- 
tions q{ vital interest und value. 


Squir? t#+t 

Tlie Ntitloanl GiUetjr of Art now _ 

To core tor Ira reoaoimliTe trrewth f ( .r next 10 raai^ m,t w i w " .11 '* * 

Tli * 1 historical cal lections now need _____ ’ 

To care for their nre-nmuhlu grewtii for neit TO yeare nut Lcn Utan'ZT am'ota. 

The National Gallery of Art received in LOlf) one collection valued 
ot $400,000. With the present inadequate facilities, gifts and loans 
are being’ rejected because we have absolutely no space for exhibiting 
these objects, nor can we properly care for such gifts in storage 
Tins condition of affairs is so thoroughly understood throughout 
the country that those who would present their art treasures To the 
hationul Gallery of Art are forced to pJnec them in civic and urivate 
institutions. F 

4oor ep " re “ “ w -"+* bj "»«»— »«» 

Ik 1. 

— m US 

— m, m 

-™ 34.23*5 


Kanirul History jamming. ___ 

Arts rtnd Iiniustrlw BuUdtEjf. ___ " " 

Smithson Urn Bonding (portion mol h.v tb* " 

TotaL__. ___ _ ’ 1 

- ■---_-045 841; 

The tear collection .—During the period whuh -i t 
•r,u y u m». ihn reflection „r 

tory of Jhc moot rear and too™ ns tire Museum War Collation has 

ZZHZtfSZ IF •“*' " 0, “ bl ' "dJiti-ns. Of particular “ 

"™* “* *f M A ST-millimcter iufautrv geld mm a 70 - 

tmllunrter American made French B u„ repmentio.. thf nrVof 
ordnuiue most need by the ™ 01 

trench mortars, namely, a 3 inch 1 ZTI LT*' types ° f 

md accessaries TW I , ’ , ] an<l ®‘ 45 * incll t *tth mounts 

accessories. There have .ds* l>een added to the ordnance ma- 
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tcfiiil many tyjws of shells, n number of which flresertionalizeJ show¬ 
ing the methods of inuntifaetnre and the e!iu racier of the interior of 
these important implements of war. The Museum has just put on 
exhibition a rare Herman message shell, deposited by Hap Gen. Ff. L. 
Kogers. Qunrtcmifliiter < leiieral of the Army, As far as known, this 
shell is one of only two m America, the other being in the possession 
of the Chief of Ordnance. The message shell was used, toward the 
end of the war only, to send a message from one body of German 
troops to another where all lines of communication had been 
destroyed* 

On the end of the shell wag a colored fuse, red or pi low, depend¬ 
ing on the importance of the message. The fuse was ignited, the 
time being set for I he proper distance, and at the desired point in 
tho flight of the shell the end of the shell was thrown out, releasing 
an inner container and an immense cloud of black smoke covering an 
area of 300 yards. This smoke cloud both indicated the location and 
afforded a screen under which the German was enabled to leave his 
trench and pick up the container with message, A simple of the 
paper, on which the message was written with two carbon copies* 
is shown with the shell. 

The shell was presented to Gen. Rogers by Lieut. John J, Ttaezer, 
Quartermaster Corps, who found it with salvaged property* This 
shell is drawn m the Museum in connection with a large number of 
other interesting German relies of the war* Of special interest in 
this connection is a collection of materials used in trench warfare, 
including offensive and defensive grenades, gas grenades* signal 
Uiire# 3 T and other objects of the same diameter. 

Tlio Engineer Department has added a complete set of para¬ 
phernalia used by that department during the war. This collection 
indudes giant search lights, motor trucks, complete sets of engineer 
tools, and examples of delicate instruments used hy this branch of the 
Army. 

In addition to the material of this character illustrating the activi¬ 
ties of our own Army the Museum has received from France, through 
the assistance of (Jen. Rogers* n large collection of material din strut- 
mg the work of the allied armies and also of those of the enemy coun¬ 
tries. This collection includes uniforms and personal equipment of 
the officers and enlisted men, chemical warfare material, ordnance 
material* aviation material. Signal Corps material, engineer material* 
medical material, and various other paraphernalia used by the 
Belgian. British. French, Italian* and also the German, Austrian, and 
Turkish armies. 

The artistic and sentimental side of the great conflict which die 
war collection illustrates will also la-! well represented in this ml- 
lectioiu In this connection the Museum Ims received, through the 
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courtesy of the General Stuff of the United States Array, nil of the 
paintings and drawings made by the official mists of the American 
Expeditionary Forces in France, and showing in a graphic and 
striking manner the activities of the United States Army from the 
entrance of America into the war until the signing of the armistice, 
November 11, 1318. Besides these pictures, u large and most im¬ 
portant collection of paintings executed by various artists on lie half 
of Liberty loan work and formerly exhibited in New York City, has 
been added to the collection. 

The Museum has already received as complete a collection of 
Liberty Wit posters as it is possible to make at tins time. 

The numismatic features of the collection have also received many 
interesting additions, including about 200 meduls, issued in the allied 
.Old n fill ml countries during the progress of the war to community 
rate notable events, and especially to perpetuate allegorical designs 
in connection with the various stages of the conflict. 

The war collection as a whole lias grown so rapidly anil has 
attracted so much material of historical and intrinsic value u, the 
Museum that its continued development is assured. 

The great problem remaining is to supply adequate facilities for 
the installation of this priceless aggregation of material, which 
should be installed as a unit- in suitable cases amid appropriate sur¬ 
roundings in a new building erected exclusively for the purpose. 


sE«Eancir work or the ACTiiomnsrcAi. obsebyatoby, 

Agtrophygical Ob*t r< ah>iy.—Thi- work of the Astrophysics! Ob- 
serratoiy is closely related to meteorology. The researches carried 
on there relate to tlm quantity of heat received by the earth from 
the sun, the effect of the atmosphere to diminish and al te r the quality 
of the solar radiation, and, on the other hand, the determination of 
the outgoing radiation of the earth and the effect of the atmosphere 
to hinder it and to alter its composition. 

Tiie work of the observatory from 1005 to 1012 established the 
standard scale of solar radiation measurements, determined the in¬ 
tensity of the suits radiation as it is outside die atmosphere, and 
measured the transparency of the atmosphere for solar revs under 
« great variety of eircnmetance^-ut sea level and at various’altitudes 
up to that of Mount Whitney, the highest mountain in the United 
Mates These researches also showed that the sun is probably a 
ramble star, having a variation both oflong period associated with 
he vanatjon of other solar phenomena like sun spots and also a 
vanafon in short periods of a few days or weeks. The magnitude 
of these fluctuations in the solar heat appeared to amount to several 

»d . . k ' “ I *' M **** 
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Since 1012 the Astrophysics l Observatory has confirmed the vari¬ 
ability of tin* sun by several independent methods ond hiis perfected 
and improved tlio meatus of determining it in several ways. A 
notable improvement was made this year at the time when Dr + 
Charles G* Abbot, the director, was visiting the Smithsonian Ob¬ 
servatory at Column* Chile* which is maintained under the Hodgkins 
fund. He found that by taking into account the brightness of the 
sky around the sun the transparency of the atmosphere for s*olar 
rays could be inferred so accurately by means of measurements 
extending over about only 10 minutes that the determination of the 
solar heat could be made ns accurately ns by the older fundamental 
process of Langley., which requires several hours of observing. The 
computations by the new method arc also much abbreviated* so that 
now it is possible to determine the intensity of the soW radiation 
for the given day within 2 or 3 hours instead of by methods which, 
as hereto fort* required the equivalent of 15 hours of work for one 
observer. The new method of observing Is being steadily applied 
at the Smithsonian Observatory at Galanas, Chile* and the founda¬ 
tion for its application at Mount Wilson, in California* has been 
laid. 

Studies are being made by officials of Argentina and Brazil on the 
dependence of the temperature and rainfall of those countries on 
the variations of the sun as reported to* them by the observing sta¬ 
tion at CaUimu. The Smithsonian Institution has now in press a 
report by Mr, H, H* Clayton, principal forecaster of the meteoro¬ 
logical sendee of Argentina, in which he gives investigations tending 
to show that all the outstanding departures from normal which con¬ 
stitute the weather as contrasted with the climate of a place depend 
on variations of the sun. Without ns yet fully accepting this star¬ 
tling condusicm at least the importance of the oteerrations of the 
solar variability are greatly enhanced by the**? studies of Mr, Clay- 
tern* Accordingly investigations are being made to determine the 
best site for a proposed observatory for measuring solar variation 
In the most cloudless region of the United States. This appears to 
be a little north of Yuma* Calif- Plans are also being considered for 
establishing such an observatory in Egypt * which is the most do mb 
less region of the world. As in every research* the drawback is the 
lack of funds. It is greatly to be hoped that in some way means may 
be found for establishing two or three of the special observatories 
required for measuring the variation of the sun in the most cloudless 
region of the earth. It is only in this way that a satisfactory basis 
own be laid for further progress in world wide weather forecasting 
depending upon these measurements* 

In regard to the dependence of the weather nn the terrestrial radia¬ 
tion outward to space and the effect of the atmosphere upon that, re- 
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searches are nl=i> in process at the observatory* Although this field 
is more difficult even than that of the dependence of the eurtlrs tem¬ 
perature on the incoming solar radiation, yet good hope of progress 
is entertained. 

The director is Largely occupied with the preparation of Volume 
IV of the Annals of the Observatory! which will include the results 
obtained from 1012 to 1011) in the studies of solar ami terrestrial 
radiation. 

UAFEDlTXOirS. 

4 

7 tie Co&ins-Gamer Congo expedition returned to this country in 
iliiy. after having spent more than two years in the collecting of 
natural-history material in French Congo. Mr. C, R. W, Aachc- 
meier, who represented the Smithsonian Institution, brought back 
with him a valuable addition to the museum collections, consisting 
of about £.500 birds and mammals. 

Hfenuto-Cekbex-A wtrulian expeditions. —The collection of natural 
history and archeological specimens in Romeo and Cekbea was 
commenced under the direction of Mr. Harry C. Raven in 101° - m , | 
was concluded in LOIR, resulting in the addition of many thousands 
of specimens to the museum collections. The expedition was financed 
by Dr. W, L, Abbott, of Philadelphia, who contributed a total of 
for this purpose. He has quite recently made an additional 
contribution of $4.1KM> for the purpose of outfitting and maintaining 
an expedition to Australia under the direction of Mr. Charles 
Hoy, who is already in the field, and who reports excellent progress 
in tins collection of the fast-disappearing Australian mammals and 
birds, 

African expedition .—During the early summer an expedition to 
Africa was arranged by the Smithsonian Institution and the direc¬ 
tors of the Universal Film Manufacturing Co. to make general ex¬ 
plorations and collections of natural-history material and to take 
motion pictures. The expedition was to start from South Africa and 
work northward through the entire length of the Continent The 
Institution had not the means to pay the expenses of its representa¬ 
tives. hut a few friends of the Institution raised the necessary funds. 
Mr, Edmund Heller. who accompanied Col. Roosuvelt to Africa, ami 
Mr. H. C. Raven, who spent six years in Borneo and Celebes col¬ 
lecting for the Smithsonian, were selected as the Institution * B repre- 
sentathes. r 

R*ord was recently received of a railroad accident in which two 
members of the expedition lost their lives; but fortunately neither 
Mr. Heller nor Mr. Raven wns in the accident 

Saskatchewan expedition.- The secretary gate a brief description 
of hid work in tlie Saskatchewan region of tiro Canadian Rocky 
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Mountains during the past summer, where he discovered a section 
GJOO feet in thickness of rocks that had never been studied. Much 
new materia] was scoured for the collections. 

UIHEAU or AMERICAN ETHNOLOGY. 

The researches of the Bureau of American Ethnology during the 
past year have been directed to a study of the Indian languages* 
especially of those that are rapidly becoming extinct: and a deter¬ 
mination of native American food resources p textiles* and other ma¬ 
terials which were used by the Indians-, some of which, like the potato 
and Indian corn* were long ago adopted by the white man - The 
bureau also studied the prehistoric records of the Indians* and a 
concrete example is illustrated by results of archeological invest! ge- 
thing pursued at the Mesa Verde National Bark in conjunction with 
the Department of the Interior, where in continuation of the work 
of previous years, there hits been excavated and repaired a large ruin 
known as Square Tower House. The age of this ruin can not \>e de^ 
turmined, but it was deserted before the beginning of the fifteenth 
century A. D* 

NATIONAL ZOOLOGICAL PARK* 

.Ifteru/Mee^—Altbough the attendance for the lost fiscal year 
reached nearly 2*000*000, there b every indication that this year’s 
record will exceed all previous years, as over 900*000 persona have 
visited the park since July I. 

Recent aece&a!ani+ —-Among the most important accessions recently 
received may be mentioned a Brazilian brocket* one of the smallest 
of South American deer, presented by Mrs, Lindon W* Bates; ll 
white ^backed trumpeter* the first of kind to !>e exhibited at the 
park, brought by the American consular agent at Manure. Brazil, 
Mr. Edward B. Kirk: a number of new varieties uf ducks f and a very 
rare species of cassowary. Many European birds luive also been 
received. Births since July 1 include a llama, tahr T elk t yak, Indian 
antelope* and two great red kangaroos, 

fifthi/ eUpfamt *.—During the year an opportunity presented itself 
to secure two young Sumatran elephants, which were in quarantine 
in New York " They wore held at £2,500 each* and, as no Government 
funds were available, Mrs. Charles D. Walcott undertook to secure 
$5J000 by private gifts. Sixty-nine subscriptions* amounting to 
$5*025 were obtained* and the "elephants are now on exhibition at 
the park. 

NSW BUSINESS. 

(’hfrrlen L<mg Freer.— The secretary annoilTiced the denth. in Xew 
York City on Sfeptemlwr Slf. 1010, of Cfmrlts LnO£ Freer, upstl 63 
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years, and said that the history of Mr. Freer* "reat gift of art ob¬ 
late to the Smithsonian lastitutson was so well known that he would 
give here only a brief outline of it. 

77* Freer ooffecf&m—Mr. Freer assembled his collections with 
n definite purpose, and he has made the American people the posses- 
sors of a unique series of the finest existing examples of oriental art- 
Tite collections comprise superb specimens of Egyptian, Mesopo- 
taminn. Persian, and far-eastern pottery, ancient Egyptian colored 
glass, Persian and Hindu miniature painting, and the paintings, 
bronzes, and sculpture of China and Japan. 

JCr. Freer felt that American artists had interpreted the spirit of 
oriental art, which led him to add some masterpieces of T. W. Dew¬ 
ing {26 oils; 11 pastels; 3 silver points); Abbott II. Thayer (12 oils* 
1 water color); Dwight IV. Tryon (34 oils; 3G pastels: 2 water 
colors) | and lost and most important, a great collection of etchings, 
sketches, paintings, etc., by Whistler, The number of these is » 
follows: 63 oil paintings; H water colors; 37 pastels; 113 drawings 
uud sketches; 3 wood engravings after designs by Whistler- 3PG 
etchings ami diy points, of many of which there are'from two to five 
impressions, making a total number of pieces 625; 166 lithographs 
(161 impressions); 38 original copper plates. Also, the complete 
wood work, including all the decorations, of the Peacock ltoom, the 
famous creation of Whistler. 

The Peacock Boom has recently been brought from Detroit and is 
now ready for installation in the Freer Gallery of Art. 

The collections also include paintings by the American artists 
Winslow Homer, Cfailde Ifossum, J. Gari Mclofaers, John 8. Sargent* 
Joseph L. Smith, J. H. Twaditmun. Willard L. Metcalf. George do 
Forest Brush, and J. Francis Murphy: and bronze sculptures bv 
Augustus Saint-Gaucleos. 

At the time of tite making of the offer by Mr, Freer to present bis 
collection to the Smithsonian Institution in 1004, it consisted of over 
2,250 objects. In succeeding years this number hus been more than 
doubled by additions of objects from both the Orient and the Occi¬ 
dent. the total number of objects in 1018 being 0,274. Bv* reason of 
brer unrecorded additions the present total will not be known until 
the collections are brought on from Detroit and installed in the «]. 
lerv, which will be ready to receive them i n the spring of 1020 

Mr. Freer was not a mere collector, us his methods were selective 
after full study rather than accumulative. He visited the East 
many tunes, and being in full sympathy with oriental peoples he 
imbibed a profound understanding of their artistic sentiments and 
aspiration--. He was the only great collector in our country who 
sought and seized opportunities in China, and his collection will give 
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students an opportunity to study the choicest specimens of ancient 
Chinese and Japanese painting for the first time in this country- 
Hie collection takes the lead in Chinese art in America and ’will form 
the basis for important research work The late Prof. Fenollora, in 
an article on the Freer collection, published in 1907, said that Mr. 
Freer was then probably the greatest living expert In artistic pottery* 
and that in Chinese and Japanese painting he was probably the most 
inwardly appreciative of their artistic and educational value. 

Freer Building *—Steady progress has been made on the building* 
and it is hoped that the gallery will be ready for the collections in 
March, 1620* The secretary added that the formal opening was 
expected to take place by the date of the next annual meeting of the 
board, in December* 1920, 

A statement of the condition of the fund provided by Mr + Freer 
for the erection of the building to house his collect ions had Ijeen 
given in the report of the permanent committee. 

The Freer wilL —Briefly* the Freer will provides as follows: 

The executors are to provide and pay for casing, packing, and 
transportation to Washington of all collections, cases, racks, and 
furniture; also for taking down the woodwork and decorations of 
the Peacock Room, and for casing* transporting, and recreating them 
in tlio Freer Building in Washington. 

The executors are to continue to employ Katherine X. Rhoades 
in an advisory position until the collections have been deposited in 
the Freer Building in Washington- 

The income of $200,000 is to be used solely by the Regents for the 
pay of a curator. 

The income of $200*000 is to be used by the Regents for the crea¬ 
tion of ornamental gardens in and about the Freer Building, and 
for the purchase of American statuary for the building; concerning 
thb. Mr, Charles A- Flat! is to he consulted. 

The income of $50,000 is to be used solely for the care and main¬ 
tenance of gardens and statuary of the building and grounds* 

The income of $50,000 Is to be used In perpetuity for adding to 
the knowledge und appreciation of oriental art, primarily by re¬ 
search and publication. 

The codicil to the will states, after proriding for meeting certain 
exigencies, should they arise* that such income from the residual 
estate as the Regents may determine Is to la? u$ed for the study of 
rise civilisation of the Far East, the remainder of the income to 
be used for the purchase of examples of oriental, Egyptian, and near 
eastern fine art#, und the purchase of works of pciintmg, sculpture, 
und pottery of American origin* the same to be deposited in the 
I tiited States National Gallery of Art. 
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Senator Lodge then offered the following resolutions, which were 
adopted: 

Wtier,.j^ the Bonn I of B*t--ntn of the SmlthBwUaij Institution has learned of 
the dentil, on SepU-mter 25. ling. 0 f fhiirti’s Long Fm-r, of Detroit. ,Mtch.: 
{{mahed, That the board desires to place upon record an eipreftalon of it* 
N.>rn, w at the mwiiiK uwity of this dlsilo^ulehtd irtitr^ri of the arts, whose 
onerous (lift* of tmlntlui.v. wulptnrt^. sitnl hmrnea to this Institution fur the 

!">ii.-tit of thu ..I or fund* for the civet tan of a Buitabi,- huUdio* for 

their study nml eshlMBnn hot- conn*] the Gratitude of tin? world mu] a mo- 
rt]pLrs]iiin [KMltliin Iti tile history of tt» country Y prem benefnnor-s. 

{{eiohed. That a cop ;, 1 of this resolution lri> transmit red hy the F.-ro-nry to 
fiimEl^ of Mr. Freer. , J 

Tbc secretary went on to say that very naturally many mate 
turs of importance would be coming up in connection with the Freer 
finlbiy am) the collections which if would be impossible for the 
b'uid to consider as a hotly, and he desired to suggest that authority 
to act for tiie board lx- delegated either to the permanent commit tee 
or to el committee to be appoint! by the Iwitrd. 

On motion, the following resolution was adopted: 

ftoofrerf, That the Bonn] of Bagrat* of the SmlUiwlaa ImitUirijfti hunphv 
isuilmrn.es ami directs It* pemuDent committee la represent the board | n ,,n 
mtitivrt, pertulnlm; to tie m-elpt mu! Installation nf »i| pi ft* ; njnl lt) , luu , 
CMr3cs Ultl r Fr «r " J|lj ln curo-teK mi tic previsions of his will, dared May rt 
UiiS. and of ilie codicil thereto, dated May -i. 10J&. so far tit. they relate to the 
Smithsonian I ns 11 tut [cut. 


Ttn; national art ccnoirrrEE. 

The National Art Committee was formed about a year u^o of 
which Mr. Henry White, of this Bonn] of Regents, is honorary chair- 
maraud Mr. Herbert Pratt,of New York,secretary and treirer 
Thu impose of the committee is to secure portraits of the military 
m il, and religious leaders in the Great War, which are to be £ 
inbhed in various c,ties of the United States, and later placed in tim 
care of the Smithsonian Institution ut Washington 
The committee took up its work vigorously. Luiing several of the 

*5™r f“ n V abn * d to various eomnusaions 

allotted to each and a recent report received ut the institution indi¬ 
cates that the following portraits hare been completed; 

^UUsCwxHa tat; Ordinal Merely Admiral Beat*. and Pretnter Clanra- 

ss'“ ’sss: isrararsi "r'rr- r *.. 

Prefer Orlando. ^ G “- “a* 

Irviny Wile*: Admiral SlmgL 
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FINANCIAL BTATOB OF THU INimTUTlON. 

The secretary gave a statement of the extent of lho Smithsonian 
fund, showing that it was far too small for present needs. He sug¬ 
gested that the Regents bear this in mind, and if opportunity offered 
while in conversation or correspondence with persons desirous of 
making some disposition of their fortunes for the betterment of man¬ 
kind to speak of the institution and its work, in the hope of inducing 
such persons to make the institution their beneficiary. 

NATIONAL ACADEMY llCUni-Vti, 

The secretary spoke of the proposed new building for the National 
Academy of Sciences, the funds for which had been provided by the 
Carnegie Foundation on condition that the academy acquire a lot 
upon which to erect the building, which has been done. 

It w ah suggested that probably the Carnegie Foundation might bo 
of aid in carrying out some of the projects of the institution, now 
held in abeyance owing to lark of means. 

Dr. li*ii asked the opportunity to express his high appreciation of 
the importance of the work of Dr. Charles GL Abbot, assistant secre¬ 
tary of the institution and director of the Astrophysics I Observatory, 
whose researches in solar radiation were of great value. 

ADJnrEXMENT. 

There being no further business to come before the board, on mo¬ 
tion the meeting adjourned* The Regents then viewed a number of 
exhibits illustrating certain phases of the institution's work. 
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ADVERTISEMENT, 


The object of the General Avmxmx to the Annual Report of the 
Smithsonian Instiiutbn is to furnish brief accounts of scientific dis- 
cove it in particular directions; reports of Investigations made by 
collaborator® of the Institution; and memoirs of a general character 
or on special topics that are of interest or value to the numerous 
correspondents of the Institution. 

It has been a prominent object of the Board of Regents of the 
Smithsonian Institution, from a very early flute, to enrich the un- 
nunl report required of them by law with memoirs illustrating the 
more remarkable and important developments in physical and bio¬ 
logical discovery* as well as showing the general character of the 
operations of the Institution | and this purpose has* during the 
ffreaier purl of its history, been carried out largely by the public*- 
tion of such papers as would possess an interest to oil attracted by 
scientific progress. 

In 1880 the Secretary* induced in part by the discontinuance of 
an annual summary of progress which for 30 years previous had 
trcen issued by well known private publishing Grm% hud prepared 
by competent collaborators a iSeries of abstracts, showing concisely 
the prominent features of recent scientific progress in astronomy* 
geolog} T 3 meteorology, physics, chemistry, mineralogy, botany* zod- 
ogy T and anthropology. This latter plan was continued, though not 
altogether sailsfnctorily, down to and including the year 1H.&8. 

In the report for 1889 a return was mode to the earlier method of 
presenting a miscellaneous selection of papers (some of them origi¬ 
nal) embracing a considerable range of scientific investigation anil 
discussion. Thia method has been continued in the present report 
for im 
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STUDYING THE SUN’S HEAT ON MOUNTAIN 
PEAKS IN DESERT LANDS. 


By C. G, Abbot. 


(WUh T tilfttes.) 

As a little boy it used to please me greatly to see the potatoes in the 
celltir toward spring begin to stretch out lung sprouts which had to be 
rubbed off from time to time, Sometimes one of the potatoes would 
fall through some crack where it became in accessible, and its sprouts 
would grow and grow, sometimes a yard or more, till they came to a 
little streak of light, always white until the light was reached, but then 
tending toward green. Again it was a. pleasure at the time, and is now 
a greater pleasure, to look back upon the march of the seasons with the 
northward and southward excursions of the sun, which changed the 
,'ew England landscape by a gradual progress from the glories of 
winter to the beauties and fruitfulness of spring and autumn. 

In a world where the very life of all the plant kingdom depends 
upon sunlight, ami where the existence of the’tom pern turn fit for 
all life of the animal kingdom depends upon the sun's rays, it may 
*oem an extraordinary statement that until the beginning of the 
twentieth century no exact measurements of the intensity of the solar 
radiation on which nil things depend had ever been obtained, tome* 
times one hears the inquiry as to whether the sun's beams are grachl- 
11 h losing their strength and the sun declining toward the condition 
o a cold body devoid of life-giving energy. It is impossible to answer 
ns question other than to refer to the fact that the crops which were 
r.iiM’d in Egypt and Syria in the most ancient recorded times were 
sii j*tantially identical with those that are raised there now, so at least 
0 decline of the sun’s radiation has been very little in the list 6,000 
year*. The ancients, although having much astronomical knowledge, 
ntner measured, so for as we know, the intensity of the sun's radiation, 
so t mt there are nn accurate measurements to fall back upon in order 
to answer this question. 
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It was not until the time of Sir Jolin Herschel and Pouillet, in the 
decade 1 $90-1840, that attempts were made to get accurate measure¬ 
ments of the heat of the soil And it was not until the decade 1900- 
1910 that the methods and apparatus for this purpose attained such 
perfection that results accurate to the order of 1 per cent were ob¬ 
tained. Inquirers who may live 1,000 years hence tan, we hope, 
refer to the measurements of the Smithsonian Institution begun in 
tfK>2 in order to settle the question whether the suns heat has gradu¬ 
ally declined in the millennium intervening. 

If we could set up a tub® reaching to the outer limit of the atmos¬ 
phere and largo enough to sec through it the whole of the disk of the 
sun, and exhaust the air from it entirely, then the measurements of 
the sun a intensity of radiation would be very simple. But situated as 
wo are underneath an ocean of air charged with dust, clouds, water 
Aapor, carbon dioxide, and even, we may say, of the molecules them¬ 
selves, such solar researches are very difficult. In order to minimiaa 
these difficulties ns fnr as possible, such studies are best conducted in 
the most dry and cloudless regions at high-altitude stations. 

In the course of the work carried on by the Smithsonian Institution 
measurements have been made at Washington, sea level; Bossour, 
Algeria, 3,600 feet; Hump Mountain, North Carolina, 4 V S00 feet; 
Mount Hartjua Ilalu, Arizona, 5,600 feet; Mount Wilson, California. 
5,800 feet; Calama, Chile, 7,500 feet; Montezuma, Chile, 9,500 feet; 
Mount Whitney, California, 14,500 feet; and finally from u free 
balloon which was sent up from Omaha, Nebraska, currying automatic 
recording instruments, to on altitude of about 15 miles* The accuracy 
of these measurements has depended on the able cooperation of mv 
colleagues, Messrs, t'. E. Fowl®, L, B. Aldrich, A. F. Moor®, L. H. 
Abbot, and others, observers; Mr. A. Kramer instrument maker; and 
Miss F. A. Graves and others, computers. They hove bech made some 
in summer, some in winter, some in clear skies, and others in skies 
nuielc hazy by the dust from th® gigantic eruption of Mount Kotmai 
Alaska, m 1912, but their results are in substantial agreement anti give 
the mean value of the intensity of solar radiation to a probable ac¬ 
curacy of 1 per cent. I say the mean value because the investigations 
have shown that the suns output of radiation is not constant but 
vanes from year to year and even from day to day within the year. 

The solar variation., of long interval seem to he associated with th® 
general activity of the sun, w that higher values of the sun's emisr 
sion are found when sun spot®, prominences, faculae, and other solar 
phenomena arc more than usually marked. At such times, strangely 
enough the temperature at most weather stations on the earth afer 
nge* Mow the normal. This paradox of increased solar heat and de- 

ZTLTZ i 1 t r; pt r iirc *■ **&*** on th® 

basu, that increased cloudiness occurs at times of sun-spot activity. 
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It htw long been known that the aurora borealis, or northern lights, 
have been particularly active at times of sun-spot miximom, and as 
these Lights are electrical disturbances In our atmosphere, it has come 
to I>e believed that the sun furnishes not only light rays hut also 
bombards us with electric ions. Electric ions are known from labora¬ 
tory experiments to promote the formation of clouds. Bence, it is 
quite possible that the electric bombardment of the earth by the sun, 
being more rigorous at times of sun-spot maximum, tends to promote 
cloudiness; which in turn indirectly, by reflecting away solar radia¬ 
tion, actually diminishes the amount available to warm the earth* 
although the direct tendency of increased solar activity is to increase 
the earth's supply of radiation™ 

The short irregular fluctuations in the sun's radiation amount 
sometimes to ft or even 5 or 7 per cent within a few slays. Although 
they seem to be slightly associated with the rotation period of the 
sun* as if rays at different strength were sent out by the sun in differ* 
ent directions which, aflcr a full rotation of the sun accomplished in 
2$ or 27 days, come round again in the direction of the earth, yet in 
general these fluctuations are nonperiodic and accordingly not pre¬ 
dictable, Lei tel y their cause has received a very unlooked-for hut 
probable explanation by comparison of the solar observations of the 
Smithsonian Institution at ('alamu, Chile, w ith photometric observa¬ 
tions of Doctor Gnthnick of the Observatory of Berlin, Germany, 
Employing a photo-electric cell, Doctor Guthmch compared the 
brightness of the planet Saturn with the star Regains during Janu¬ 
ary, February, March, April, and May, I9S0. Shining by reflected 
sunlight, Saturn must vary if the sun varies. Doclor Guthnick, how¬ 
ever, on comparing his results with those reported from the Smith¬ 
sonian Institution on the brightness of the sun. could see no corre¬ 
spondence between the small solar and planetary fluctuations which 
occurred, Tn his comparison* however, he assumed that whatever 
changes might occur in the sun would make themselves felt in all 
directions simultaneously. This h not necessarily so, for if the sun 
should he surrounded by an obscuring atmosphere thicker in some 
directions than others, rays of different intensity would go out to 
different quarters; m that the earth, being in a certain direction from 
the sun. might receive rays of & different strength from those which 
were emitted in the direction of the pln.net Sahirm As the sun ro¬ 
tates upon its aria once in about 27 days {the actual time differs for 
different parts of the gun), the ray which reached the earth would 
sweep around perhaps in one, two, or three days to or from the posi¬ 
tion of Saturn at the time of Guthnick's measurements, so that nnn 
would expect Saturn’s reponse to the change noted in the solar radia¬ 
tion perhaps two or three days litter, or two or three days earlier, 
exactly according to the relative positions of the two planets. 


148 ANNUAL B.EJPORT S>riTH£0NfAN INSTHTTnOK, 1000; 

Stnrting from thishypothesis, the two kirnls of observations were 
ftmml to have come into complete accord, so that 1 per cent ebangB 
in the sun corresponded with 1 per cent change in the brightness 
of Saturn, just as it ought to Jo, We may then look upon tin- sun’s 
variation as of twofold origin. First, the long-period changes, as¬ 
sociated with sun-sjKst activity, depend upon increased generel tern- 
pe nature of the smrs surface, due to the increased cimiintion of 
the hot, dense gases of which the sun is composed. On the other 
hand, the short-period, irregular fluctuations are lo be regarded as due 
to the inequality of the sun’s radiation in different directions, j*r- 
haps caused by the presence of an obscuring atmosphere of different 
tnidmesaes from place to place. 


aiOITST WHITXKV. 

„ lt is now * Un<m 40 yeats since the late Doctor S. P. Latrelov third 
S-cretary nf the Smithsonian Institution, made his pictures.^ and 
famous wp^ht.on to Mount Whitney, California, to otaerve the 
mdmtion of tm sun. The expedition was mude possible bv the mm- 
ercjus ai d of the 1 ate W i 1 ] i am Thaw, of Pit tsburgh. It went forward 
m a specia) car, carrying the observers and the whole equipment 
ifmmt Whitney, 14,500 feet elevation, is by a few fret the hipest 
mountain in the l luted States, exclusive of Alaska, In i.sk| t j lt , 
region about it was bnt little settled and Indians were frequently met 
With, Accordingly, a detail of soldiers accompanied tho eJipodition 
through the desert freni the stopping pla** 0 f the car tf> t ie Iktl 
town of I^no Pine, where the experiments were begun 
Doctor Langley has often told me of the tremendous heat en¬ 
countered m the smallI tent where the spwtrebolometer was *S> 
at Lone Pine The indications of the bolometer, that dwlrirai iW 
mometer capable of detecting temperature chances of ih - Tr A 
of » dfgreo. , re reoorrlpct b, , «£i« ™]„ n Xtor U£m.lllor,th 
imfovurabte condition. of (Tie little ten. Dr* ' ‘ J n %er 5 
.hot tic spot of light from the mivoo™ w 1 £**£, told "? 
off the scale a meter long in a single minni . t i' JITet u * 0f to ru ' ? 1 
sem-r there read and called out the nusitiofi r + 1 " ** t lnt tl|e Q * J ' 

** fast nut he could do so wdtffitSwh l ** ™ *“ *" ,e 
were being observed by the bolomefer \l l i T* IT ° C if ,^ 

readings were graphically plotted and reduced with* ? , qf 

hdior to obtain the results 0 f thc ^ 

A little Inter I he whole apparatus Wns lMnv ", **. 

of Mount Whitney, where, on the Zhl ? I ! raH - v ."I s lQ tlie ty P 
lake, at more than 12.000 feet elevation [\ ? b ° U “ llfl11 r «f*nntttin 
A few partial observation* were mud* i, v ii h °j?f. Was repeated, 
mmit of Mount Tt'hitncv but - n iv‘ ie ^Pi'dition on the very 

*> but conditions there were found to be 
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tf>o trying to wurmiit the labor of currying the It envy apparatus up 
tlK 1 lust 2,0CKP feet over rugged rocks and precipices. 

In these experiments a new region of the spectrum was found 
lying beyond thut which was previously reeogni^d by Doctor Lang¬ 
ley in bis work at Allegheny t and I have heard him describe the 
thrill of discovery as lie roughly mapped nut this new region lying 
far down beyond the visible end of the red. 

Almost 30 years Inter, at the recommendation of Director Campbell, 
nl Lick Observatory, and the writer, the Smithsonian Institution 
erected on the summit of Mount Whitney a stone and steel building 
of three moms* so as to enable observers who, for any radon, require 
the high altitude for thdr work to carry it on Milder conditions of 
com pa rat i ve comfort. 

The first to occupy the new observing station was Director Camp- 
lielTs expedition of 1909 1 to determine the quantity of water existing 
in the atmosphere of the planet Mars, At the same time the writer 
observed there, with special spectrobolometrio apparatus, to deter¬ 
mine whether measurements of the sun's heat outside the atmosphere, 
which had I wen carried on at Washington and Mount Wilson, would 
have yielded different results had they been made at a station very 
much higher in altitude. 

The following selection from a letter of the writer shows how 
Hub the second “solar constant * expedition to Mount Whitney was 
ulik to compete in Impressiveness with the famous one of Doctor 
Langley; 

Mm 'ft Wilson. Calif., September. 1 |. JSHJfk 
I>jl\b Sm: | left Pa^i-lemi nbrntii 0.30 ik hl August Ifl. oPd took the 11*90 
IK in, train ut Loa Angeles for MoJelvc. I slept oi-amionnHy bat with great 
fear le*E | should hv carried by Mojave, nrwl at length nuchal there a Little 
Ni^h nt -l.:so a. in. The train for Little Lake, mostly a freight rnilii. left at 7 
ft, ill-, sfcuiL, after aH along the way to shift and unload freight cars, 

rascJjet] Uttl* Luke, 3^ hour* Lite, ut 0 ji. wi. I got supper them had atarfod by 
unto stage at G_i5 p, m. Having three bora of d^Heote apparatus, one of which 
1 felt St n^asjiry to carry hi my nnu.^ the ride of fpO mites from Little Lake 
t\> turn Pinp was not altogether jMensimt Two niitninoMles started together. 
I'ltt tbs one I wiiat In ttftitfftid near Olaneh*. nnd nearly two bourn of work failed 
to siurt lt H so that all tho pa^atgers crowded Into the other. Wo reached 
l^ae Pine at II_3Cl p m. At &ffl (u w. Amspat with Mr + W SI Haro Skinner, of 
Lini' Pine, ns jjuSde, and with a driver ami bhIiuoIp to carry my bo gunge, 1 
started for Mount Whltttey. We camped at about 4 p. m. with Mr. ftoblchrm 
nnd bis jmvkiTH n t BlR Meadow : eJevution nlxmt HVWO £eet + I found that 
nearly all the material far (he bn vm tart gone up to tJie top, and toy beta were 
Roblnsqn's camp. H r. Skinner and I loft camp at G iu m. and arrived on 
tile summit of Mount Whitney about 11 a, hi. August 22. We found Mr, M*r*h 
wsth four workmen. The walls of the htilhflng wrt -lone except gable* and 
PUrtlttorus. null the frame of the roof Was up, Tbo mnmnn wire laying the 


1 A Holler for tWrr.T- ™ Uwnt Wiring tj T. a AMwi, Mbotfu CorL 
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walls of Lite Utile* static but far ptiy work, nn4 they ilafcbftl it. ladudlfi# Uie 
roof g that ilny. Several 0 by *5 tent# licit! been luaacil by Professor 
niid hi the sit* we ereoke’d* ate, ami slop! EI ll r ii. hwiroik. Mulligan stc^ anil ESnf- 
Jlarks were the staple footb^ 

I hail sot up my apparatus autfnly by Thursday nigh t* August 28. Friday it 
anovrLHJ a little, but the house wa& finished Friday ult^nioou* August 27. 

Mr. ClUDpMIt with Messrs AlbwcbL MuAillo, i^octor Miller* lloovi-r, and 
S iricu HTp f fliHn abuut li&sLi on Saturday, Aupet 2-^, Ttu>y Arrived lu a thunder- 
Htonu of sleet- Lightning struck near hy Just as t boy rMi-hts] the dour, It 
became part fatly clear on the foilowltip Wedncwluy, ami Campbell ^ecansl eikhI 
observations on Wednesday ami Tbtn^luy nlato- My ewa preparations were 
set Imek by ilie atoriu. sso that I only got ready Thursday aftemocn. September 
2, Friday jauitdag ink beautiful* and 1 think my oUservatluna of that fuiv- 
iiooa were satlefaetory. I took two bolORmpba nlno at tout 2 and ft p. ite of 
Friday afternoon between doudtL oji Saturday It khuwihI -S Inched Mr, 
Campbell ami party went down* They almost lost one male am* tip the rocks 
(hail to leave the mule behind after two hours' work, hut it went down tim 
trail the fallowing WedUKUtdiyK mid three others fdbl off of tUa ice- on the east 
able of Lhe runge and rolled a hundred feet or m. The Suijthswibu ban been 
ho fortunate an not to hove had nuy of Lhe animals In its employ Injured during 
the whole operntiotUi. After watting several days without much Improvement 
in the weather Mr* Marsh and I left "» Wednesday, ftcptemhcT R l hope at 
will be po-HsUila for me to complete my work up there m-xt July or early Augiml* 
when Iho weather will ptolmilrty be 1 letter. 

In August, 1910* Lhe writer sign in ascended Mount Whitney with 
Mr. Marsh* and in the course of 10 beautiful days there again set up 
the spectrobolomcter and obtained excellent * solar constant ■' ote 
servations. 

Simultaneous measurements made in 1909 and ID 10 at Mount 
Wilson and Mount Whitney agreed within about I per cent and 
within the error of the determinations. Similar agreement had been 
obtained before that between simultaneous measurements at Waste 
ingtoti and Mount Wilson, so that there appears to la- no effect on the 
J solar constant " results depending upon differences of altitude, at 
auv rate up to 14,500 feet 

MOUNT wj tstm. 

With the establishment of the Carnegie Institution in 1D02* many 
plans for work in all branches of science were submitted, among them 
one by Doctor Langley, then Secrete xj Q f the Smithsonian Institu- 
lion, on the measurement of solar radiation. He entertained Lhe hope* 
which bus since come very close to fruition, that a knowledge of the 
x*n 7 s radiation, the losses which it experience* in passing through our 
atmosphere, its possible variability from time to time, would be such 
a Iwon to meteorological science as to b* a basis for forecasts of long 
range such as might even parallel those of Joseph, who forecast the 
seven lean years and the seven years of plenty* 
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The outcome of his recommendations did not lead to the establish¬ 
ment of this kind of work by the Carnegie Institution itself, but did 
lead to the must cordial cooperation on the part of their new Mount 
Wilson Solar Observatory through its director, Dr, George E. 11 n Ie t 
with Doctor Langley in the furtherance of his favorite investigation. 
On Doctor Hale’s invitation, an expedition front the Smithsonian 
Institution was prepared and went forward in charge of the writer in 
1905 to Mount Wilson, California, where temporary buildings were 
erected and occupied each year except 1907 from 1905 to 1910, when a 
mots suitable observatory was constructed of cement blocks In .1013 
a tower telescope was added to the equipment of the Smithsonian 
observatory on Mount Wilson* so that the whole now appears as in the 
illustration, plate 4* Just above the observing- station is u cot¬ 
tage occupied us quarters for the observers. The situation is remark¬ 
able for its boldness, standing on the edge of an almost precipitous 
ravine which falls away almost immediately nearly a thousand feet 
It overlooks the valley cities of Pasadena and Los Angeles and the 
ocean on the one side, while to the east lie the .Sierra Mudre Kangcs 
with the 10/KHMoot mountains San Antonio* San Bernardino. Sun 
Gorgonio, and San Jacinto plainly visible on dear days. 

A little nearer the summit of the mountain lies the wonderful 
Mount Wilson Solar Observatory of the Carnegie Institution where 
apparatus of the greatest ingenuity, power, and extreme sUe has been 
accumulated year by year, culminating in 1919 in the completion of 
the 100-inch reflector with its dome liK> feet In diameter. As one eon* 
templates this collection of splendid astronomical instruments and 
compares them with the little telescope with which Argelander made 
his famous u Durchmusteruug * of the northern heavens, it seems as 
if some of the dbosuurs had come to life and were disporting among 
the little lizards which snap up the flies in the sun on Mount Wilsom 

from 1905 until 1920, with the single exception of the year 1907, 
measurements <jf the solar radiation were made on Mount Wilson 
during the summer and autumn mouths by the Smithsonian observer*. 
This Ijoih^of observations, published in the Annals of the Smithsonian 
Astrophysics] Observatory, Volumes II, III, and forthcoming Vol- 
unu. 1 IV, js the basis of our knowledge of the radiation of the sun, its 
variability and its relation to our atmosphere and to terrestrial tem¬ 
peratures. 

A hint of the existence of variations in the sun’s radiation had been 
obtained in 1903 at Washington. Errors associated with the work in 
such a cloudy and smoky atmosphere as that of this eastern city am 
so large that the result could not be at all certain. Beginning with 
the. observations on Mount Wilson in 1905, every year has added some¬ 
thing to the certainty of the variation of the sun as well as to tho 
accuracy of the methods of observation and the number of special 
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pieces of Apparatus develo|»d for use in the investigation. Early in 
the work it was recognized that ll standard instrument for prevision 
measurements of the sun's heat v as required, Bv 10irt there was de- 
velojiej the siuinJanti water-flow pyrheliomdcr, This instrument is a 
liollow chamber of a test-tube like form having hollow walls in which 
h trculates in a sj >iral channel a current of water. The sun's rays enter 
tiiiscbamlier through« vestibule of constant temperature. Just licfore 
reaching the chamber they pass through a circular aperture of known 
urea and shine upon the blackened wall at the chambers extreme rear 
Any remnant not fully absorbed by the blackened wall is reflected to 
and thrown upon other parts of tin- chamber wall until fully absorbed. 
In the flowing water current, just nt the mouth of the chamber, ere 
found the arms of a platinum electrical thermometer, by means of 
which the rise of temperature of the water due to the heat absorbed 
fi .jm the mm-rays within the chamber is measured. The water which 
bus flowed through the apparatus is collected and weighed from lime 
to time so as to determine the rate nf flow. Thus the intensity of the 
sun s heat is measured in terms of the rise of temperature of a known 
weight of water earned by the absorption of solar rays over a known 
areu in o given time. In order to get a check upon the accuracy of the 
measurement, known quantitit- of electricity arc caused to flow over 
foils within the chamber and ihe heat thus developed is measured, as 
if it a cre solar heat, by the flowing water. 

Comparisons of this instrument with other special devices for 
measuring solar heat have lieen made from time to time for the past 
10 years. So change in die scale of measurement has been detected 
ivi[[,iii this interval. Tbps we may regard the whole body of Mount 
VV ilson data a* an homogeneous system of measurements of that fun¬ 
damental quantity, the intensity of the solar radiation available to 
warm the earth. 

Over 1!0 copies of the secondary so-called iL silver-disk pyrhelio- 
meliM, fipire L, also devised for the investigation, have been prepared 
nud standardised at [he Smithsonian Institution and supplied at cost 
to observers over all the earth. Thus the Smithsonian standard scale 
of radiation luciisurenients has heixunip widely diffused. 


HKSn.Ts AOCOSt I'l.ISIltTi Ul- TO I [till. 

'ihc ''kief results accomplished in the research up to 1910 had been 

investigation reduced to a well-organised routine. uw w»o» 

"■ A staniiLird scab- of radiation measurement a had >wn „ . n 
lished by the invention and constriction: nf tl t i * estfl ^ J 

pyrheliomctcr. The 41v^^^n^S±7 1 
]M-rree t ,,i and had |>n.«* fully satisfactory "for thTdady db*™" 
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Fig, l.—Abbot rilTtr JUt 


constant of radiation of about 1M calories per square centimeter 
P^r minute had been obtained. This in ib-clf was a great step for- 
for nnw m reference point had been established which in future 
times would be available to determine the question of possible secu¬ 
lar variation Lu the radian I energy of the sun, 

4 * results bud strongly indicated the short period variability 
of the solar radiation. This discovery, if confirmed, hade fair to 
have important consequences for meteorology. 


Several simultaneous iletenni nut ion* of che solar constant of 
radiation bail been made at Washington. Mount Wilson t and Motint 
Whitney. No difference in the result, depending upon the elevation 
of the station, had been revealed. and the mean value for the solar 
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r>. The distribution of energy in the solar spectrum had been closely 
determined, and thereby our knowledge of the sun’s temperature and 
nature had been materially increased. 

6, Various by-products of the investigation, such as relating to the 
transparency of the atmosphere under different circumstances of 
humidity and haziness mu! for different altitude from sea kvel up 
to the level of Mount Whitney, the study of the dependence of the 
temperature of the earth on radiation, the temperature uf sun spots 
as compared with other parts of the sun’s disk, and many other 
mutters, had been investigated. 

UAftSOUn, ALGERIA. 

Ity far the most interesting Q f these result-; of the investigation 
was the supposed short-period variability of tile sun. Although the 
values, of the * solar constant” did not appear to depend upon the 
altdudo of the observer above sea level, yet the apparent 'variations 
of the sun were so little greater than the probable errors of the 
observations that it seemed essential to strengthen the discovery of 
(he solar variability by some other independent check. The most 
obvious procedure was to e H uip another observing station in a favor¬ 
able region far removed from Mount Wilson, and to carry on for a 
considerable period of time duplicate measurements of the « sol-tr 
ttinslaht" itt the two station 

Preparations were made to goto Mexico for this purpose but the 
breaking out of revolution there made it undesirable to set up the 
stiiti.m m Mexico. Accordingly, the expedition was diverted to 
Algeria, m North Africa, a country under the stable government of 
the F re nth, where good conditions with regard to cloudlessness might 
be expected. J’ho expedition wont forward in 1911, employing the 
same Apparatus that had bm, used on Mount Whitney, although 
with decided improvements m many respects. The expedition JL 
m clmrgy of tin- writer, who was RLvomp&nird L v Mr- u I * V 

Art,.- .laaran. mth ih, United Sl»l„ „j* eon»| „t Omni fhn 
director of tho observatory there, and oilier ■. *;♦„ * ^ lK 

little hamlet called IWiUr. shunt 50 miles luth of VlgilS “ 

" itli the exception of n few French mi^hi ™. ,i “ , 

vicinity were :d! Are.., and there „Tffi ^ 

observing their customs and methods of working wbirf !” 

identical with those of the times of Ab,U^m ThJ™ * 2 3 ® 
Arab in the neighborhood was a caid who tool- t important 

^r i ^ H by ***« w «■*» -4S Ss 
fan " - *- SKffiate Zz 
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I- Mr. AwastRow and the Solar-Constant Apparatus at Bassgur, 

Algeria. 



2, Observing station at Bassour. Algeria. 





StfU’s II RAT-AUBfJT. 


155 


or beans upon the floor of thu great barn, ami I had imagined Bosxk 
as going out to sleep upon his barn floor and wondered why ho pre¬ 
ferred doing no to sleeping in the house. Our experience in Algeria 
solved tliis mystery, for it appeared that the threshing floor wits 
a hard level place upon the ground where noaz slept under the 
light of the stars. The reason why he did so was doubtless the seme 
that induced our French neighbor to take his double-barreled shotgun 
and his dog and go out and sleep on his grain pile, with the dog tied to 
his ankle—tu prevent his neighbors from stealing the grain. Many 
other sights and customs reminded one continually of passages in the 
Bible, among them especially the driving of the oxen round and 
round upon the wheat to tread out the grain. As they took a mouth¬ 
ful now and then, one remembered that it says in the law: u Thou 
shidt not rniL7.de the ox when he treadeth out the corn.* 1 

Unfortunately the year ID 11 proved to be a little unfavorable to the 
comparison of results between Algeria and California, owing to tho 
unusual prevalence of cirrus clouds at both stations, Alt hough tho 
results appeared to support the view of the sun’s variability, they 



Fla. 2 — Brlgbtnpxii dlJt^tmtUsn iTnng niti'af mawttsr for Ctitoni, 


Vi ' TC lll?t wholly conclusive and the expedition to Algeria wjia re¬ 
newed in June, UH2 + 

We were still pursued by unfortunate circumstances as fsir as in* 
vastigating the variability of the sun was concerned, for the great 
volcanic eruption of Mount KutmuL in Alaska* which took place 
About dune 0, filled the atmosphere of the whole northern hemisphere 
vvith volcanic dust, which spread to Algeria and California within 
le.ss than three weeks after the eruption, and, growing more and mom 
abundant, so much obscured fchesutj% rays that u falling off of 20 per 
eent of their intensity at midday was found not unusually the case in 
duly and August. lfH2. Notwithstanding these untoward cLrcum* 
stances, the results of 1012 taken in combination with those of 1011, 
strongly confirmed the reality of the variation of the sun—so much so 
ihiLt thereafter we bad no doubt of the reality of this discovery. 

SUMS DfrviXOPMEIiTS OF THE KFJSFARCH IN TTtE INTERVAL M ETWEE* TISK 
AUStRIA* A NO SOtnrif AMERICAN EXFEPtTlClXti. 

The matter received a further confirmation, however* in 
by the introduction on Mount Wilson of the tower teh-scope and the 
investigation of the distribution of radiation over the sun's disk. 
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As shown by the illustration, figure 2, the mm is nut equally 
bright along its diameter, but falls ufT rapidly toward the litres of 
the disk. This contrast in brightness between the center nnd edgs 
of the solar disk is mgreater for violet am] ultra-violet rays than 
it is for red and infra-red ones, but what is particularly interesting, 
the contrast of brightness which had Iwen determined in Washing- 
ton in 1 DOT was found to be ]c>k when it was redetermined nt Ifount 
ilsi»u in 1M3, ^ot only was litis result found, which confirmed 
Ihu existence of the variability 0 f the srin in the term of years, but 
the experiments at Mount M ilsnn show that the contrast of bright- 
ness varied from day to day in association with the variations of the 
s^ihir constant. 1 ^ This result, taken in connection with the experi¬ 
ments in California and Algeria in ID 11 and 1PI2. fully confirmed tile 
existence of the short-period variations of the sun. 


\ m mr TO AOTIL^UA. 

In most countries the seat ot government is fixed at some promi¬ 
nent city, but the United States nod Australia are alike in that n 
specud place was selected to build Hie capital. In the United States 
although the Streets were well laid out, no particular CM® appears 
to liave been taken in regulating the character of buildings in \V as h. 
ington, so dial, apart from the great public spaces and some fine 
buildings for Government purposes, the city presents the ordinary 
up and down happy-go-lucky appearance of almost all of the Amer- 
ieun cities. In Australia, however, n competition whs established to 
plat, a model city for the new capital at Canberra. Amongst the in 
sti tut ions embraced in the plan of public buildings was to be an ob 
scrvatnnv In I9M the British Association for the Advancement of 
Science met in Australia, In connection with it. various scientists 
were invited by (he Australian Government, and amongst them the 
writer was asked to attend and to take the opportunity to present to 
the Government and to Australians and others interested the dorv 
Of the solar researches winch have been mentioned above, in order 
th:,t if posnblc plans might Is 1 made for the inclusion of the ‘'solar 
constant work m the program of the proposed new Government, 
observatory at the capital city of < anber™. 

Accordingly, the writer sidled to Ausiralia h 1914 >>„« 
arrive.I at Sidney came the news of the outbreak of the V um . 

w;ir - Areompamed by the uslronomer royal „f ,, i 

on,,, u., e , m iw of aasis ass& 

great weight, tile writer waited upon the premier it Udk * 
presented the case of the “«>]J constent^rk „h 
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scribed* not. only in Australia but also in New Zealand. La ter on 3 
within the lost year or two. further inquiries Imre come from Austra* 
lin in regard to the work and it may be possible that even yet this 
kind of observing may be undertaken there. 

I he writer felt that the regular observation of the solar rod Lotion 
at several first-class cloudless stations remote from one another in 
different quarters of the world ought to be undertaken> now that tbo 
variation of the ran in short irregular periods hud been established, 
I his conviction was much strengthened by the painstaking work of 
iMr. H. Helm Clayton, chief forecaster of the Argentine Weather 
Sendee, who about 1914 began to discuss all the measurements made 
at Mount ihon with a view to determine if the apparent changes in 
the sun appeared to he correlates! with the climatic conditions of 
Argentina and other parts of the world* His computations from the 
first seemed to point to interesting correk Linns, so that the desirability 
of making a better groundwork of * s solar constant ■’ observations for 
t he use of meteorologists was strong I v indicated- 


SO L'T J-J AMEEICAN KXI 'EDITION, 


In 1911, Secretary Walcott, of the Smithsonian Institution, decided 
to employ a part of the income of the Hodgkins fund, which had been 
bequeathed. to the Smithsonian Inst it uti ran for tlie advancement of 
kno^ Ledge of atmospheric air, to promote these ^solur constant n 
studies. I Lie entrance of tlie Untied States into the war prevented the 
sending of an expedition immediately to South America its had been 
expected, and it was temporarily located at Hump Mountain in North 
r^ll lnW ' ^ erGl u trdor t ho charge of Air. A. P, Moprc, agisted by Mr. 
L. H + Abbot, the measurements were made from June, 1017, to March t 
1918. On one occasion observations were carried through successfully 
W1 f| ] ' 1T1 air temperature of—5- F* Mr* Abbot frozd finger 

.md feet in making the pyrhelioinetric observations on this occasion. 

lo results of this day of work did not, however, differ from those 
■*> iturned under more comfortable auspices, but still further widened 
JC V| tnety of circumstances which seem to have mu influence on tlio 


amiraey of the results. 

In March, 1918, the expedition was removed to Calama, Chile, on 
i \q Farther edge of the Atacama nitrate desert. Here it was hoped to 
obtain doudlcssness equal to any which could he found in the whole 
wurhb i be rainfall in that region is almost nil. Caloma. a city of 
several thousand inhahitants, is situated on the hank of the River Lem, 
a Knit 10 miles fn>ui Clinquicamatu where the Guggenheim Co. has a 
great copper mine, and where is dtiilected a colony of several hundred 
Americans engaged in the mining operations, in addition to the 10,000 
or more Chileans and Bolivians employed there. The officials of tlie 
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mining company were very kind and helpful to the Smithsonian ex¬ 
pedition under the charge of Mr, Moore, assisted by Mr, Abbot, and 
placed at their disposal a building at Che rill on. near Calnma, along 
with furniture and other equipment which materially aided in the 
establishment of the station, 

Olwervations were begun afcCuliuna on July 27,1018, and continued 
ihore for exactly two years. The station proved to bo not quite so 
favorable as had kn hoped, owing to the dust and smoke coming 
from the city and from the mine which occasionally interfered with 
the purity of the atmosphere. Nevertheless remarkably accordant 
and satisfactory results were obtained there. 

In May, I&lfl, the writer, with Mrs, Abbot, visited the observers at 
Caluna, and with Mr. Monro went on to La Pas, Bolivia, whore 
they observed the total eclipse of the sun of May 28, m»l under 
extraordimuy conditions. The sun rose partly eclipsed over a rnmra 
of snow-covered mountains over 20,000 feet high and was observed 
under beautifully favorable conditions from the temporary station itt 
an altitude of nearly 18,000 feet, nt El Alto, so-called, on the dm of 
the tremendous canyon a I we the city of La Paz. Excellent photo¬ 
graphs were secured, and also measurements with the pyranometer of 
the brightness of the sky before and during the eclipse. " 

On the return to Calutrm, Mr. Moore and the writer visited the 
Argentine Weather Bureau station at La Quinta, Argentina, whftra 
they met Mr. Wiggm, chief nf the Argentine Weather Service, and 
Mr. Clayton, chief forecaster, and discussed with them the applica¬ 
tion of solar radiation measurements to forecast ing 0 f wear her 
Great progress hud been made by Mr. Clayton and Ida eoWmes in 
the computation of the correlations between variations of tk 
end vanations of temperature, rainfall, et c. So mm h so. that Mr. 
t hivton and his dnef had become fully convinced of the value of 
solar variation work ns u forecasting element. Already in IWm. 
kr. 1918, the Argentine Weather Service hud arranged with Mr 
Moore director of the Smithsonian observatory at Smn. for a 
_UI y tffifcgrapluc report of the "solar constant” value obtained at 

ft orL ° 1 r r t,> [ ,,rnish tllls tlal| y report. Messrs. Moore and 
Abbot had been obhged to work with the greatest rapidity, a.-curaev 
and devotion m the computations. Observations fcr drt2ffl£ 
“solar constant required several hours of obwrvinir the Xft . 
ment and washing of a photographic plate, the reading If i fig' 

different wave lengths of radiation'* g t<J 40 
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altitude of the sun, and thereby the maw of air traversed by its 
beam, instead of to determine this by time observations ns" bad 
always been the ease at Mount \V*il®nn. Nevertheless, the work of 
determining (he “solar constant ” on the same day as the observation 
was extremely arduous and tedious to the two observers. Their on* 
t htisi asm wns naturally extremely fi mused hy the favorable reports 
it hid i n-c n? found in the conference of Messrs, Moore mid Abbot with 
1 b’ssre. ^ *£P' n and Clayton in Argentina. 

On their return to Culamji the writer and Mr. Moore utscussej tho 
poe-ihdity of determining the “solar constant*' by a short method. 
<*rn .i ter a considerable computation and trial such a method was ob¬ 
tained. Tt depends upon the fact that the transparency of the sky 
is closely related to its brightness. It is easy to see that when the 
Sky is hazy the transparency will bo diminished and the brightness 
near the sun greatly increased. The amount of haze depends upon 
l ic humidity in the air and ujso upon the amount of dry dust which 
las been carried up by the wind, or by volcanic eruptions, or other- 
'| 1Sl y . * " <ls to effect a combination of the measurements of 

t ie brightness around the sun by the pyranometer, and the humidity 
<> the air determined by Fowlers spectroscopic method by a single 
c ogmph, so as to obtain a function which could give the coefficient 
of transparency with a high degree of accuracy. This short method 
was thereupon introduced at Cal am a and proved in extensive prac¬ 
tice to be highly satisfactory. It is possible thus to obtain the 
so ar constant” several times in each day, where one oliservation 
oie hm| been all that was usual. This new method is continually 
c , e< ft gwnrt the older nnd fundamental one, and up to the present 
time hay shown very satisfactory and complete agreement, except 

* a t lp r,f * w method with its several observations is regarded tu be 
the more accurate of the two. 

TRAXsrsn or si oust wojjok a no calama statioks to iikttfr sites, 

AT jy the year 1920 the writer had nn extended conference 
'tr jally and by correspondence with Professor Marvin, Chief of 
e .. States Weather Bureau, ns to the applicability of solar 

nicj&tton measurements for forecasting purposes in general, and in 
H uitcd.States in particular. Mr. Marvin felt that the experi- 

rM'Ut.i basis so far available from the results at Mount Wilson 
am at Caittma was not adequate to warrant much investigation of 
* ls ^ uc Sbo®. Feeling ^strongly the justice of this view, the writer 
uiged upon Congress at the hearing of the Smithsonian Institution 
■d l° r< ' ‘^FPropriatione Committee in February, 1920, that a suit- 
'! M a FProprialion shmild U- made to erect on an isolated mountain 
in he most cloudless region of the United States a special observing 
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Station for this work. In the then straitened condition of the Gov¬ 
ernment finances the appropriation was not made, Feeling, how¬ 
ever, the urgency of the matter, the writer arranged to lay it before 
- Jr. John A. RtwbJrog, of Bemardariile, New Jersey,' who had 
already shown a great deal of interest in the work carried on by 
the Institution in -South America. Mr. lioeblmg expressed the 
wannest appreciation of the work and suggested that there would 
X) few found who would take so much interest m he in it. and bo 
willing to support improvements m a foreign country, but that many 
would bo glad to associate themselves with the proposed observing 
-vbumn m Arizona or southern California. However, as attempts 
Jiad already been made to secure support for that new station, and 
as tile immediate establishment of it was urgent, Mr. Roebling at 
length proposed to give a certain sum of money on condition that the 
stiitum Ml ( :llama should lie removed to u mountain site above the 
in nudity Ot the atmosphere caused by the smoke and dust , } f the 
mnvS of Chtjquicamata and the town of Cuhima, Vny balance 
rcma.miig fmm tk gift might tl.cn be used for the establishment 
ol ii station in Amman or in the nuwt favored locality, or for any 
other purposes which might refute to the investigation at hand, He 
proposed to give toward these objects, but later generously 

increased this amount to $UJM*>. Mr. Moor? was immediate!v tele¬ 
graphed to in regard to the removal of the station from Calnmn to 
n mountain she. Aided by his colleagues, but with hie extraordinary 
devotion, enthnsinsni, and energy. Mr. Moore was able to select a 
most favorable site aliout 10 miles farther south tlian the one hitherto 
tHTiipiod, to award contracts for the construction of th c oWrvincr 
station and observers’ quarters, and to remove the outfit with a 
loss of less than 10 observing days, from Calnma fo (}* n ?w moun 

lain station culled Montezuma, where observations were retimed on 
August S, 1020. "SHuaea on 


™' 0f tl ,‘ iS ,m * tU ll,r station, unfer 

{£• *££.* TT . """T'”’'' ‘" but little more 

than M,0iN>. In his subsequent reports Mr. Moore Ins dw^lt „.;*i 

the utmost enthusiasm on the improvement due t i „ * * h 

Montaumm H. ronsirlrrs Hi. t „,,. ^ g 

atmosphere. ilie from clmida ikT i ** P^nty nf the 

rrrJwiilv ..,ivn. and fa «£ ££***£,'* 2 * "* 

favorable Mk whirl, ..hr i„ , h „ ™ >St 

ns—II. B®(t it is exprclwi to TOntimii r! 'd ’""fsmental method 

.'»««• Mr. ..«?•« fcr a period of 

half rears. no. red,roe,, r „ ito „ 
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the observations in the new station i n Arizona Ug is succeeded 
ss director in .SouLii America by Mr. L, II. Abbot. 

AZXZOX.l STATIUS. 

The remainder of Mr. ltorblmgs gift was available to transfer 
the Solar radiation outfit hitherto at Mount Wilson t 0 a now locality 
chosen with regard to its ctoudlessmeas on Mount ITanpm Hah, 
J 1 ‘ :£0fin ’ Mie choice of the station resulted from an investigation 
undertaken by the Weather Bureau through its local chief of opera¬ 
tions at 1 hoenix, Arizona, Ur. Fletcher. This officer made an inves- 
ngation of many proposed sites in California. Nevada, and Ari- 
swna, and at length the choice narrowed down l<> tlie vicinity of 
Bagdad and Cima, towns in California, and to the vicinity of Wen- 
i ' Arizona. Special cloud observations were undertaken by 
observers in these localities, which after six months of observing 
indicated a preference for the region of Wendcn. Arizona. Accord* 
mgly, the writer, OD the way to Mount Wilson, in June. lDdCl, let 
contracts in W entfon for the construction of a building on Mount 
lunpia Hala. situated about 12 miles to the cast of Wendcn at an 
altitude of 5,800 foet. Tlie building, with walls a foot thick of 
, and having the lower story, partly underground, reserved for 
Hu* apparatus while the upper was designed for observers’ quarters 
and ibe rmnpiling room, was completed hy the end of August and 
occupied Jatt* in September. 

tD,,st ai>t ' apparatus, which had been emploved on 
-Mount Milam from 1 905 to 1020. was then removed and set up for 

I 1 *? !™ fitat obflBrvfltions were made on 

’ oiier 2. and it is proposed to continue them for several rears on 
every favorable occasion. 

f ^ Cl, ^ w 011 Mount Harqua Hula has hitherto proved more 
avertible than was expected, so that in tlie first tW days of oecnpn- 
w more than 70 per cent proved favorable for observing, Little 
jj. Uenr c in the transparency between morning and afternoon ha's 
►chi noted, which is a great improvement over the condition upon 

brcH nl v change of the wind from land to ocean 

revzes ? r . in f™ ‘ip * mass of base from the humidity, dust and smoke 
* Th Cltl *l Pasadena and Log Angeles, 

e i conditions of living on it desert mountain remote from any 
own are. to he sure, rather remarkable. Mount Ifiiiijun Hala has 
no rt»es but only shrubs and plants. There is no water at the top 
except 'that foils j n the alight rainfall of from 5 (o 1ft inches which 
prevails there, mostly in the months of January anti July, Com- 
nmmciition with the town of Wendcn is made bv using the Morse 
lu<c u ^‘ n fitiong light at night or with sunlight bv dav. and 

i^soa 0 —^_ n 
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orders fi>r supplies and carrying ol mail are given in this manner; 
alfio telegraphic messages may be communicated by this hdiographic 
method. The merchant In Wenden, who receives the menage, car¬ 
ries out the supplies and mail to the foot of the trail, ll miles, by 
auto. A neighbor. Mr. Ellison. n mining prosjicctiir living about 1 
mile beyond the observing station on Mount Harqua Haln, has three 
burros which browse about upon the mono tain when not in use On 
suitable notice. Mr. Ellison, after several hours’ search, will bring in 
his burros and make the trip of fi miles to the foot of the trail to 
bring up the supplies and mail. This is done about once in 10 days, 
bo that u single found of communication by letter may lie delayed 
fnr nearly three weeks en route. " J 

The water for the establishment js also brought by Mr. Ellison with 
his burros from his camp a mile distant, ft is brought about once 
in four days, and naturally a great economy in the use of ft prevails. 
Hitherto the observations which have been under the writers diarge 
assisted by Mr, F A. Greeley, have l^n carried on with a water 
supply of about BO gallons a week. This serves for drinking pur¬ 
poses, washing tbs dishes, the washing of clothes, baths , and washing 
of photographic plates, 

The two observers, besides carrying on the observations and n large 
portion of the reductions from them, do their own household work, 
such as the cooking, preparation of meals, washing nf dishes, and the 
washing of clothes. The life Is vary healthful in that clear, pure air 
and has many points of pleasure, such as the glorious sunrises and 
swcls which are often observed, ft is beautiful also to watch the 
stars from this mountain, which is the highest one for ninny miles 
around. For recreation the observer are accustomed to threw the 
horseshoe, play the graphophone, read books, „ tL f! to piny Lmmes 

hut nearly all of tl.e time from sunrise to bedtime is dev„t«j entirely 
to the work. 

PRESENT BT.VTt‘8 OT TEE IN VySTm AVION. 

M i ^ blin ^g“^ty, we have now two first- 
rate aillar-radtation obscrvmpta turns, about 4,000 mile* apart, which 

by rigid economy U .* hoped to be able to keep in operation continu¬ 
ously for some years to come, l n this way a sll J,, r Jv "J , 

observations will, it is hoped, be maintained which mav be corned 
luorafter .rill, another nitxlitions in all parts of thr o-'o r l I ..T ' 

.0 e.'-talilish whether or not me.mrea.eo,, 

—«*■< <•»-«• <* treat,irr iCwST A™ 

rmnient trratlirr senrireo of Argnatina „„,| I,,.,:? , Gov ' 

fnlly itnpre»,l T.ith tlia ralna of thro. dala »w nj”* **7"* *“ 
tolrprapliie dail, report, frtta, Ckfl. **#f£gS&Z 
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easts. Our own weather bureau is investigating the relations of the 
more complicated weather conditions of the United States to the radia¬ 
tion of the stiu, and with results which tend to raise the hope that 
hem also the solar-radiation values will l« of interest and importance 
in weather fomnsting. Thus the outlook indicates that Doctor Lang¬ 
leys prophetic hope may be to a considerable extent fulfilled, and 
that knowledge of the sun may help to foretell the climatic conditions 
of the world- 

If it should prove, from the results now being obtained in the New 
World, that this element is a valuable one for forecasting, it must fol¬ 
low that additional so Jar-radiation stations will be established in the 
most cloudless regions of the Old World to join in securingstrong daily 
values of the intensity of the solar beam. Such stations might prop¬ 
erly la; located in Egypt. South Africa, Australia, or India, or all of 
these regions. Not jess than four solar- rad bit ion stations, all oper¬ 
ating under a common procedure and homogeneous in all respects, 
would be necessary for the Satisfactory observation of the sun on every 
day of the year. 

The cost of such observatories is not large. Two are already estab¬ 
lished. Four others rould lw established and continued by an annual 
outlay of £50.000. Tin- cost of the war for a single hour of time, 
if it com Id have been diverted to this fundamental research, would 
have curried it on forever. 
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THE HABITABILITY OF VENUS. MARS, AND 
OTHER WORLDS. 


By rv ci r ABIWT. 


[With 3 ptateM 

Tn considering the probability of the existence of intelligent life 
on other heavenly boclies than the earth, it will be convenient to 
take up these heavenly bodies in several groups, dealing first 
those in which conditions are so very different from ours that 
existence of life seems impossible. 

TICK MOON, TUK HUlf, ANU THE OUTER PLANETS* 

Thts moon is our nearest neighbor and Copland! with ourselves. 
Astronomers usually call the earth the planet and the moon merely 
a satellite* Except for unequal size one is as much a planet and 
as much a satellite as [he other. They revolve together around the 
£mti, and rotate together about their common center of gravity. But 
as the earth is of 4 times os great diameter os the moon, and is SI 
times as massive, it is the controlling member of the partnership, 
nm I sw ’ n £^ the moon ns the big boy at school does the little one in 
the game of * crack the wWp. n 

At 240/XH) tildes distance the moon is beautifully seen and studies! 
■y the aid of ;l lelcscopo. It is a waterless, airless, mountainous 
desert. There is no probability whatever that intelligent beings can 
be there. 

What of our gretit benefactor, the sun? No living thing, scarcely 
«'f-n the hardiest chemical compound. ran exist there because of the 
intense On earth the hottest tiling is the electric arc, which 

not only melts but turns into gas every substance. The spectroscope 
and the Iinit-measuring appliances show that the solar temperature 
|" great ns that of the arc. Hydrogen would not 

jurn in pure oxygen on the sun* hut water, if it could ever reach 

1t>ri * us steam, would be instantly separated into these component 
gases. 

* ircling the sun* beyond the orbit of the earth, lie five £rreat 
planets; Mars, Jupiter* Saturn. Uranus, and Neptune* Within the 
caith* orbit there bib two : Venus and Mercury, 

m 
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TIib planets naturally Jivide. into two equal groups whose members 
differ significantly in density. The four inner planets, Mercury, 
Venus, Earth, and Mars are not very unlike in this respect* Of the 
four outer planets. Jupiter^ the most dense, is only 1,8 times as heavy 
as sin equal volume of water. We have hardly any earth, stone^ or 
metals so light as this. It is most probable that these four phinela 
are mainly gaseous. For this reason alone it would be unreasonable 
to think of them as proper abodes of intelligent life, but we have 
also to consider the temperature conditions which probably prevail 
in the outer planets. 

The following table gives the principal data on which tempera¬ 
ture estimates (given in the last column) have been hosed with re¬ 
gard to the moon and to nil the planets. The estimated temperature 
of the sun depends upon the distribution of its radiant energy m 
^ic spectrum; that of the earth is well known from numerous the in 
H bmetrie measurements, The temperature of the sunlit surface of 
the full mooiu which has been investigated by Lang lay, Very, and 
others, appears to be probably between freezing and boiling points; 
of water. The dark side appears to be exceedingly cold. The estiU 
mates here given of the teaiperutnnes of the other planets are based 
upon the approximately known temperatures of the earth and moon 
with consideration of the relative reflecting powers and solar dis¬ 
tances of the planets as compared with those of the earth and moon. 
The values given* although rough, are yet sufficiently indicative of 
the conditions in the other planets. 
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From this we see that if the sun is the sola source of heat and 
light, the supposed inhabitant* of Keptunt, Uranus, Saturn, and j 
Jupiter would probably be much more unfavorably situated than the 
Eskimo in their climatic conditions. The mass and volume of the 
planets is not such as to warrant us in the belief tljat they can still 
have, at their immense ages, sources of heat within themselves which 
can supplement to a useful degree the sun a* the supporter of life, 
miles* possibly such might be the cose with Jupiter- On the wholef 
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the probabilities of intelligent life on the four outer planch* can not 
be regarded its considerable. 

WORLDS AMONG Till’ STARS, 

As is well known, the slurs are but suns and tlie sun our nearest 
star. Hence the tremendous tempera Lure which prevails in the sun 
and prevents ns from supposing for a moment that the sun h capable 
of being m abode for Intelligent life, must be regarded us im equally 
effectual bar against the existence of life upon the other stars. But, 
juit as the sun has a train of planets anil satellites which ravolvo 
about it, one might assume that the other stern should be similarly 
attended. To be sure no such planet ary trains have been reported 
by telescopic or spectroscopic observers, but that would not be ex- 
peeled* The distances of the. stars are so immense and the disparity 
of brightness between a body, like the sun, and a body shinin^^ 
reflected sunlight, like one of the planets, is so enormous that 
not to be sup posed that a single one of these supposed starry Worlds 
would be visible even if they existed in almost countless numbers. In 
Illustration of the enormous difference in light-giving powers, it 
may Iw remarked that at equal distances the sun would be roughly 
ljfiOOjDOOjOOO times 03 bright as the earth. 

Hie si^ectmscopc, as readers well know, is sometimes capable of 
indicating the presence of bodies that are invisible to the telescope. 
Thus there are large numbers of binary and multiple stars in which 
the components of the system are so do^e together that the telescope 
can not see them separately but which, on account of their rotation 
about a common renter, give slight displacements of the spectrum 
lines owing to motions in their orbits toward and from us In line of 
sight. It is not even necessary that the component bodies should 
both be light giving. It has been actually observed in the casts of 
binary stars whose orbits lie in such 11 plane that the two bodies 
alternately eclipse one another, that one may I* light giving and 
the other quite dark, yet in the revolution of the light-giving com¬ 
ponent around the center its spectrum lines are shifted* and of course 
a variation in its light h caused when it is partly eclipsed by its com- 
panion. W ill 1 out e veil partiu lly eel i psing the com pa n 10 n f one of these 
dark bodies may yet, by its gravitational attraction, cause such u 
r »pid motion in the bright star as to indicate its presence by the 
shifting of spectrum lines This, however, con only be detected when 
the dark companion is large enough to produce an orbit of tome con¬ 
siderable dimensions. 

In the cnee of our planetary system. the attractions of any and all 

the planets are not sufficient to displace the sun appreciably to such 
spectroscopic observations. Such would probably be the case with 
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either stars. It seems certain thnt an immense number of ilnrk plane- 
tnry bodies may exist as companions to the stars without our being 
able to detect their existence by the powerful spectroscopic and tele¬ 
scopic means at our command. Indeed we can not conceive that any 
increases of our observational apparatus will ever enable us to de¬ 
cide whether or not such todies exist. The probability ig that they 
da so. and in sueh immense numbers that among them there may well 
be many suitable fur abode* of intelligent life. This subject, of 
course, opens the door wide for speculation, but this field lies so far 
from the realne- of certainty that it is not my purpose to enter upon 
it here. 

AlCE MEECUHY, VENUS* AND JIAFW 11 A HIT ABLE 7 


To us the question has narrowed itself to this: Are Mercury, Venus, 
8 * n, l Mars fit for habitation { The answer requires us to consider 
moment the most important requisites of life. Animals live 
on plants. Plants require warmth, light, water, carbon compounds, 
and rci tain inorganic salts. But are we justified in supposing that 
in ft climate where water would be changed to ice or steam, life would 
be impossible ! It is difficult to conceive that water in the rigid form 
of ice could serve u living being an a prime part of bis make-up. 
"ft here would to the flexibility of motion required to circulate the 
food and carry on the functions of the body! It may, indeed, to 
urged that other liquids might take the place of water. But the 
properties of water are unique. An almost universal solvent, its 
solutions possess electrical and chemical properties so far more won¬ 
derful than any "theirs that comparison is impossible. 

Aside from water, one must insist on the (dement carton as indis¬ 
pensable to life. The spectroscope teaches up that alt the heavenlv 
todies are of the same chemical elements. Our earth has samples of 
f of t! "‘ star-budding materials and we know well their cornbba- 
tiom. Among all these elements there is none that has the versatility 
of carbon. I ts compounds are innumerable and of the most bewilder¬ 
ing complexity. It only can to the basis of life, which seems to 
require tin- most complex of the mysterious intricacies of carbon 
ihum building for its simplest ereatnrm These com pies life mb- 
stances, however, arc broken down hv temperatures like that of 
steam, and arc mostly rigid at temperatures like that of ice. Within 
this temperature range, from freezing to boiling, we must believe 
'dl ttie theater of animal and vegetable life. 

Light, too. to necessary, but its requirements are more elastic 

“ ***** rt “Tt t l‘ r ! VC irh<1 " th<? V '& tl h # thousandfold 
toss than daylight and the full sun is far from being too strong for 

most of them. All three of our planets would satisfy the mpitoc 
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meats eik to lipLu \\V must U^i their Lpialilieatuihs to tempera¬ 
ture Lind moisture. In so doing we ought Hot to lost* sight of the 
influence csf moisture on temperature. The water vapor and clouds 
in the earths atmosphere seem to be responsible for maintaining our 
average temperature fully JSO' j F. above what it would be if. notwith¬ 
standing their absence, the sun shone do more intensely on the earth 
than now* Brides this, the range of temperature between day and 
nights shade and sunlight, would be enormously increased if tli li 
moist atmospheric blanket w + era removed* as all who live in deserts 
know. 

Referring !o the table given above, we see that, considering the 
distances and reflecting powers of the planets, the sunlight available 
on Mercury, Venus, and Mars is, respectively, of 12, LI, and OX 
times the intensity of that which is available to us upon the earth. 
As shown by the reflecting power* Mercury, like the moon, is an 
airless, waterless waste, ami being, besides, baked by a twelvefold 
torrid heat, there can be no thought of life upon Mercury. 

Many popular writers have claimed grant things for Mars as the 
abode of life, I can not accept lids view. Director CuiiipbelL of 
Lick Observatory, in two widely different; and extremely beautiful 
un i thorough researches, satisfied astronomers that the water vapor 
in the Martian atmosphere is less than one-fifth of the trifling quan¬ 
tity which prevails over Mount Hamilton in the coldest clear nights 
of wjnterv Thus, without the earth's moist atmospheric blanket- and 
with only ti.fl the solar heat, the average Martian temperature should 
oo- below zero Fahrenheit. Telescopic observations reveal no 
clouds on Mars + Its most talked-of features are dimly visible mark¬ 
ings colled fancifully by some “canals/' but by observers like Bar¬ 
nard, Hale, and others, studying under ideal conditions, regarded 
merely as irregularities in the planet's contour and soil composition, 
wid'-h at the immense distance are on the limit of telescopic vision 
and take on cme .shape or another according to the observer's inter* 
pretm bn. 

iij the Publications of the Astronomical Society of the Pacific, 
Api a], 1018, Doctor Campbell has confronted in parallel columns the 
descriptions, sketches, and conclusions of the two most prominent ob¬ 
servers of Martian “canal*/ 3 There is apparent such widely con- 
tin dietary testimony as would be expected of two persons who should 
try to describe the landscape of the moon without ever having used 
u telescope. In view of the immense distance, and the equal inad¬ 
equacy nf the telescope for Uus and the naked eye for the moon, it 
is probable that both of these Martian accounts are as remote as 
theirs would be from the truth. All observers, of course* are agreed 
as to the existence of markings and shadings of color on Mara, but to 
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suppose that WC see there the engineering works of intelligent lieings 
is merely fanciful. As for the polar tups which form and melt with 
the Martian semens, the best opinion is in doubt whether these may 
1 j€ thin deposits of hour frost from the traces of water vapor in the 
atmosphere, or frozen carbonic acid gas. which, in view of the low 
temperature of Mura, is perhaps us probable. 

Mercury being surely uninhabitable, and Mars most certainly in¬ 
hospitable, there remains only Venue among the planets as a prob¬ 
able abode for intelligent life. Here \™ must be struck by the favor¬ 
able prospect. A twin planet to the earth in size and mass, its high 
reflect mg power seems to show that Venus is largely covered by 
clouds indicative of abundant moisture; probublv at almost identical 
temperatures to ours, our sister planet appears leaking in no essential 
to hnhiLuhiiity. 

Some writers have said that owing to the supposed period of rota¬ 
tion of Venus on its own aria being ^ual to its period of revolution 
around the sun, just ns occurs in Hie case of the moon with aspect to 
the earth. \ Cltiis must always: present the same side toward the sou 
imd that therefore the One half would he in extremes* cold and the 
Other in a most blistering heat. Dr. A. Graham Hell has pomted out 
to me in conversation, however, that this view of things is mo $L 
improbable. The reflecting power of Venus has beet, careful hr 
determined and, as given above, lies in the neighborhood of CO 
per cent, So high a reflecting power demands apparently the exist¬ 
ence of clouds, and these clouds can hardly be of any other substance 
than water. If it were a fact that the rotation period of Venus is 

“ J1] fra ' ? 'T?l ° f WTOlution ntom>d sun, all Of the water 
won d he distilled from the hot side to the cold side and these clouds 
would disappear. These evidences alone seem to me to be Sl] |fHent t * 
overcome the observational evidence which indicates the emialitv of 
period : of rotation and revolution. That is dependent on spectro- 

^^•oasto^e^, ana tLeS0 are flQ U3 ia _ 

wkh mwtv Th r J ° d °l *”**? *• ■«*» - compact 

T dBy * T , hev ** not enough to show that the period 

*»} ^ Uu| * thc * ^enus, but it mav be tnwJSSm 
I Of nor days, as far as the present spectroscopic observation! would 
be accurate enough to indicate. As for the reported observation of 
marking- upon the planet which were said to rotate in 225 dnvs this 
observation can only be regarded with the greatest doubt M 

It is only because the clouds have nltvavs Prevented - 'T' * 
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moon. the popular apathy would naturally he changed to the most 
lively interest, 1 

ft will be recalled that a good deal of discussion has appeared in 
the press as to the possibility of communicating with other planets 
by t ireless telegraphy and even accompanied by the suggestion that 
wo are already receiving wireless signals from intelligent beings 
outside of the earth which may in lime he interpret&bk- The best 
information seems to be that the wireless indications referred to axe 
merely disturbances introduced by solar nr terrestrial pauses ns yet 
imperfectly understood and not the work of intelligent being* trying 
to communicate with us. At the same tints, computations huv* 1 kh-ii 
published which seem to make it within the limits of possibility that 
•wireless communications might be exchanged with the nearer planets, 
if it were worth while to do so* although at immense coat. 

Proposals have al^ been made from time to time of coni mu ni- 
eating by searchlights or mirrors in the ordinary methods of helio- 
graphing* To me, these latter proposals seem altogether tun san¬ 
guine, Certainly for a plane! like Venus which is almost wholly 
covered by fogs the chance of tv beam of sunlight or u searchlight 
beam penetrating to the surface where it could be nl ■served by the 
supposed inhabitants, notwHIvstanding the glare of their own atmos- 
* phere and the glare of the whole relatively immense surface of the 
earth as compared to the surface of the reflectors or searchlights 
employed, is f|uite beyond probability. If it were a case of com¬ 
municating with the moon, there would he little doubt but that it 
could be accomplished. If it were Mars or one of the still more 
distant planets that was being considered, there seem# to b* not the 
slightest probability of success by the use of lights* w far as we 
liurpw^ then, any communications which can he made with other In¬ 
telligent beings if there are any. must be by means of wireless teleg¬ 
raphy or some as yet undiscovered means of communication* 

If we could talk freely with intelligences! existing on another 
world, having a history, nodal customs and laws, and religious faiths 
developed absolutely independently from those of this world our 
conversation would lw not only one of surpassing interest to science 
otiij the humanities, but what a guide it might prove to statesmen and 
sociologists J 

1 Ai Lhla paper ii In pn>*i private atfrlm come itlut 81= J-ehp'a EfKctrGsuopIr nVtl-UI^-i 
•j Vpeqa rbr»w doubt <m exti tenet cf water Tapor tkm. If fill la cultemd th* 
Veoui wughl lat'ia liltfbLf Improbable It Ij iBDcdtt. lotffff, ti> uiuEit 
14x111,5 *&* high r^O^-Eiqs priwer uf tbv plutoE If ctoudi aw a&saiif, ibd wt mnirt await 
fnrlber I □ fornuU ia D . 
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hnve all Wn fascinated by ginnt£ t fttim the times we read of 
lack the Giant Killer in our childhood to those more recent when we 
read of the exploits of Lieutenant- Warns ford and his successors m 
their fights with the giant Zeppelins. 

I make no apology for shortening my title a little from what 
astronomers might expect. I might have chosen u Giant and Dwarf 
hut stars are suns, a 5 ? we shall see presently, and though I 
shall include w dwarf” *un& the real dwarfs of science sire the tiny 
atoms at the other cn«J of the scale of investigation—or rather, the 
electrons into which they have been broken up- 

How shall we gauge the sizv of n star to .^e whether \t Ls a giant? 

■ r rilllst know two thinpi: First of alL the apparent size of its disk, 
and secondly, its distance. In the old days it was thought that the 
sige of the sun could be estimated from one- of these only—fmm the 
tlSfie ^e disk. Lucretius, 5 following Epicurus, believed that the 
sun was a small body. He arrived at this conclusion by neglecting 
entirely the consideration of the distance and judging by the uppear- 
ancc to our senses. 

Now, without attempting to decide whether the sun is the size of 
a soup-plate, or of a threepenny-bit, nr what is the size that it seems 
to be, we may remark that it seems lo be stout the same stxe us the 
tnonh, and that by Lucretius* principle the mm and moon ought to Ins 
same actual afoe* However, we now know that the sun is 400 
times than the moons because its distance is 400 times greater, 

3 1 in * UlVe rT16?;i5liret l the distance of the sun and found it to Ik? nearly 
1 ,000,0£Ki miles, and we Imre measured that of ibe moon and found 
it to be nearly one-fourth million % and since the disks appear of about 

T _ bj peEmJ Anion Froti---t.nio <if tb<j Weekly Er^nim; Motion af tin' EE-rtrnl 

iMUtDUen of 0r#4t Briu ^ JaBt 31 wm 
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Ihc ?ame angular size (via, about one nne-hundredth part of the 
distance in each case), we know that the sun must be about l/WO/XM} 
miles in diameter and die moon only about 2,500 tidies, vising round 
number* throughout for simp!icily. 

Thus the sun is a veritable giant com paired with the moon, in spite 
of the similar apparent size of the disks; but this we discover only 
when we have measured ttio distances. 

The sun and moon present to us largo disks which we win study 
in detail, and the study of the disk of the aim by means of the speetro- 
heliograph bn* hud new triumphs which, owing to the war, have 
not yet been seen in this room, so tliat I tnsy be pardoned for exhibit- 
ing one. 

But when we come to the stars there is no disk, If one seems to 
see disks for these objects, Lhc appearance comes through the Im¬ 
perfections of the telescope. Hence it would seem to be superfluous 
to inquire about their distance. When Murk Twain had been roughly 
handled at Niagara Falls, and the doctor reported that only 16 of his 
wounds were mortal, he said w he did not care about the others." In 
the same way we might argue that &ie« the stars have no appreciable 
disks we need not care about their distances. 

That, however, was not the attitude nf men of science. They went 
to work to mtsL'iirc their distances, and though the difficulties were 
heart breaking they were attacked and overcome. Here is a table 
showing a sensible fraction of the life work of an eminent Scotsman 
Sir David Gill, observing at the Cape of Good Hope. Tt includes the 
famous a CcOtmiri. the first star to have ib- distance measured at all 
which again w a8 by a Scotsman. Henderson, also observing u t the 
Cape of Good Hope. 
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Sir David Gill was accustomed to describe the difficulties „f ^ 

.«-«K«.iik'. it 

th, size of a a-ponay bit •> mites off: „„,1 

when his chairman. on one occasion n4;ed “WL i * 
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to a patient Scotsman. Those that are measurable show that they 
are so far off that light takes years to come to m from them—from 
some four years; from others hundreds of years; from those with no 
measurable result, thousands of years at least 

Thu* we began to obtain a little knowledge of the distance of the 
stars. The method used for these measurements was tins ueual 
method of parallax, which we may illustrate by two searchlights 
trained on the same Zeppelin* Knowing their distance apart and the 
angles ut which they arc sending their beams of light, those working 
the apparatus can draw the triangle to scale and thus tell the height 
of the Zeppelin. 

Now. replace the two searchlights by two telescopes—one on one 
ride of the earth’s orbit mu ml the sun* and the other on the other 
side: they can not be there simultaneous!}', but the star will wait six 
months for us to move round or even longer. Tho anglo at the 
Zeppelin becomes* however, woefully small as we suppose it to mount 
to the stum It is twice tho angle which seems to separate earth and 
£Uti as seen from the Zeppelin, and it is this angle which is repre¬ 
sented by the diameter of %i a 3-penny hit 2 miles awuy.'* From the 
distance of the nearest star tho sun and earth might appear as a dost* 
double star, of which there arc many examples in the heavens* though 
our little earth would probably be too faint to be seen, even from the 
nearest star spectator. 

There would be no such difficulty in seeing the ann* but since his 
diameter is only one ouehundredth part of the distance between 
earth and sun, which has itself shrunk to almost ituperceptible dl- 
monsinns. it is easy to realize that the disk of the sun would have 
disappeared completely, m doe* any disk of the stars to us, even with 
our largest telescopes. 

Since we have imagined ourselves to mount far upward to « 
Centauri, whence the sun and earth would represent a close double 
star, let m retain the conception a moment longer in order to note a 
useful fact. Watching long enough we should see the pair moving 
wc ^ the heavens, while at the same time ilie earth would revolve 
round its mighty companion* The sun would proceed therefore very 
much more steadily than tho earth. The surrs path is nearly 
straight, while the earth takes a wavy path, or more correctly lv cork¬ 
screw path. If the masses of the two bodies were more nearly equal* 
the two paths would be more nearly alike, and both wavy. 

■®) T observing such movements ( for we can observe the movements 

stars) wo infer whether one component of a double star is more 
massive than the other or whether they are nearly equal ; and it is 
found that there is never any very great disparity in muss lad ween 
the components. Their masses are closely similar. like those of pel> 
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hies on » beach. But this tells us nothing about the sizes of the 
minute disks, Have 1 genu too fur perhaps in saying there is no 
disk visible in any star! Nebulae do show disks, and though they are 
nebula* and not stars they may become stars. The new secrets 
wrested from the stars have chiefly come, not from the increase in 
size of telescopes, but from the new appliances attached to them, such 
as the photographic plate, the spectroscope, and by this time ninny 
others. The lines in the spectra of stars tell us what the stars arc 
made of, how they may be classified accordingly, how fast they are I 
moving, how bright they really ore (this is un amazing rwcnl dis¬ 
covery), and by inference how far away, and nntv yet have other i 
surprises in store. For the moment we are chiefly concerned with I 
the classification. The Harvard system gives us u number of classes 1 
denoted by the capital letters O IJ A F 0 KM It X. The fact that 
the order is not quite the same as that of the alphaljct represents u 
revision of early ideas, chiefly due to the gradual accumulation of 
intermediate types, which make a nearly continuous series. 

Now a scries of stars in order is probably a representation of 
growth; just as the growth of trees may be illustrated by selecting 
various stages from the same wood, an illustration originally given 
by Sir W. Hsr sehel. But we have seen n tree grow, and we know 
independently that it grows up from the acorn through the sapling 
to the giant oak; while we have not had time to sec n star grow and 
were thus in ignorance whether the changes are from B toward M 
or from M toward B, though by this time we have an immense 
number classified. The classification lin_<? been largely the work of an 
American lady, Miss Cannon. I am told that there j s ri i!tn who 
can deftly straighten ride barrels—he gives a glance along the barrel, 
a tap with a hammer, and lo! it is straight. Hia value is recognized ' 
at some £15 a week. Miss Cannon has the same deftness with 
spectra—but T fear that (to judge from the report of the Board of 
\ isitore of Harvard Observatory) her great skill is not so appro¬ 
priately rewarded. 

Now, it is obviously important to find out, if we ran, which is 
the direction of a stars growth, and we seemed to have an important 
clue when the spectral classification was connected with the tempera - | 
ture nf a star, or rather its surface temperature, which U all we can 
get at The outside is the coolest, just as the edges of a plate of 
porridge are the coolest, as most of us have learned by carlv and 
rather painful experience. And yet the outside of a‘star is hot 
enough. The temperature is again estimated from the spectrum, 
though this time not from the lines but from the relative Intensities 
of Its pnrtH. and the i B A end is undoubtedly hotter than the other. , 
Be may give as illustrations 15.000° for B. 5,000* for G. and 
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2,500° for M. Does this settle the mntteri We know that there 
is a general tendency for all bodies to cool which points to the 
direction O B—M S' as the order of events; but it was also 
known that under the stress of gravitation a star might rise in 
temperature, in which case the growth might be the other way. Still 
the former alternative commended itself more generally; and when 
Prof, W. W, Campbell found that the velocities nf stars (also deter* 
mined with the spectroscope) were smaller for type B than for typo 
fir, the facta were interpreted to mean tliat a star moved more quickly 
with advancing age (because M stars were older than B). The idea 
tlint the life of a star was spent in passage down the series 0 B—M 
was indeed pretty firmly established at the time when the revolution 
came. 

The revolution began with the advent nf a young American 
research student, llr. H. N. Bussell, to Cambridge in ISKMtA It is 
to the credit of Mr. A. R. II inks that he made so much of this 
hnlhant young student, setting him on the way to determine the 
distances nf a number of slurs by photography with the instruments 
which he (filr. Hinks) has spent much time and labor in perfecting. 
This was the first dement in his success. The nest was that on his 
return to America he got from the Harv ard Observatory—that store¬ 
house of astronomical facts—the spectral types of his stars; and 
combining these with the measures of distance (winch told him the 
intrinsic bright ness or luminosities of the stars) he found that stars 
of the same sportral type M fell into two distinct groups separated 
by an interval. There were very bright stars, now called giants, and 
there were very faint ones, now called dwarfs, but none of inter* 
mediate stature. 

The same was true in minor degree for slam of other types, but 
as the R end of the series was approached the gap gradually dis¬ 
appeared much in the way that the gup iwtwncn the legs of a step- 
ladder gradually lessens as we approach the top. Indeed Russell's 
diagram of his results Is very like a step I adder, the top representing 
the B stars followed by A, F, ft, K, M, in descending order, and the 
gnp between the two kgs of the ladder representing the difference 
in luminosity, as the intrinsic brightness of a star has come to be 
called. Russell brought this diagram with him when he came to 
attend the meeting of the Solar Union at Bonn in 1813. It is sad 
to remember the occasion, for the most friendly relations seemed to 
have been permanently established between tko various nations 
a^mbled. We remember with especial regret the trip on a great 
steamer on the Rhine which ended the meeting, and, ala* I was the 
end also of our hopes of a permanent friendliness, for before the 
year hrtd passed the great war had shattered them all- It was on 
' 12803*—32 - 12 
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his return from Germany through England [hut Itussoll showed its 
his steplsdder diagram at the Royal Astronomical Society, and 
expounded his views on the evolution of a star, which were that 
its life began at the foot of the upright leg, the ascent of which 
signified that the star was growing continually hotter and Hi urging 
Ita spectral type meantime from M upward toward B, that at R 
the increase of temperature was arrested and after a time cooling 
began, rarfying the star down the inclined leg of the ladder through 
changes in the reverse order. The only weak spot in the evidence 
arose from the small number of observations. To determine (he 
actual or intrinsic brightness of a star wo must know its distance, 
and there arc not many stars of winch the distance can bn easily 
measured, and though Russell had himself increased the number, the 
total Was still not large. To get further evidence he hud recourse to 
indirect estimates of distance, especially those of clusters of stars. 
iVe have lately become more and more aware of the association of 
stars in clusters represented by their common movement, somewhat 
in the way (hat the movements of u flock of birds migrating from 
one place to another are associated. If w e may accept this evidence, 
and if we can determine the distance of any one star in the cluster, 
the distances of the others can be inferred. In Russell's skilful hands 
this evidence wns collated mid found to strengthen his conclusions. 

la?t us pause here for a moment to reflect on the inherent proba¬ 
bility of the suggestion. Is it not after all much more likely that a 
star first rises in temperature and then fulls rather than that it 
ahoidd 1* permanently either rising or fulling? Now that the idea 
bus been put forward, and that there seems to be not only good 
evidence of lids change in the sky, but. as we hiinl I presently see. also 
good theoretical reason for it, we wonder why the idea w ns not the 
most natural one to adopt from the first. But curiously enough it 
was not the one adopted by astronomers, with the notable eicep* 
tion of Sir Kerman Lockyer, who made the same suggestion as 
Russell's (though on different grounds) many year* before. May I 
give a crude illustration from our ordinary life of the mistake that 
was made by many of net It is as though we had taken the amount 
of hair as an indication of the age of a man. In very early Ufa 
the amount of hair is small, it increases with age up to a certain 
point, but then it logins to decrease until a very old man often has 
as little hair as a new-born baby. IVe could give Shakespeare’s 
seven apes of man according to the amount of hair in the same 
diagrammatic form os Russell’s sfepladder. beginning with the babv 
at the foot of the upright leg. ascending to the man in the middle life 
with maximum hair (corresponding to the maximum temperature} 
and placing the greater ages down the inclined leg till we arrive 







GTA^ T RU^S— TUXmk. 


179 


again at a bald pate, Shakespeare reminds us with his phrase about 
the voice M turning again toward a childish treble !T that not only the 
hair but the voice goes through changes which show a reversal alter 
middle life. Wt> were pnicticnlly confusing the baby stars with the 
old-man stars until Russell called our attention to the fact: and now 
it seems quite easy to make the distinction. But there was some hesi¬ 
tation lie fore the new views were accepted at all. chiefly on account of 
the lack of sufficient measures of distance, which left room for doubt* 
Recently the evidence has been reinforced in a remarkable way by a 
totally new and unexpected method for inferring the distances of 
stars, due to Mr. W. S* Adams, of the Mount Wilson Observatory in 
California. His discovery Is that if we have two stars, one of which 
is very bright intrinsically and the other faint, but both of the 
same spectral type, we can find two lines of the spectra which have 
different relative intensities: let ns call them A and B, In the 
bright star A i& more intense than B, in the faint star B will he 
more intense than A* Now observe that this difference will persist 
however far wc may remove the stars from u& By altering the 
distances we may make the brighter star ftp-pear the fainter, but we 
can pierce its disguise by noting simply that the Lino A in the 
spectra is the more intense, so that if the star appear* faint we sec ut 
once that this must be due to its greater distance. In fact we can 
infi'r the distance fmtn the relative intensities of the lines A and B, 
so that Adams has really gi ven ns i now met hot] of inferring dis¬ 
tances. The new method has the further advantage of requiring far 
less labor than the old method of parallaxt in fact, when onee the 
spectrum has been photographed the further labor required is quite 
small, so that by this time Adams has been able to give us the 
luminosity of hundreds of new stars, and by this overwhelming 
evidence confirms Russell's results derived from merely a few* In 
reply to a request he has sent me specially for this lecture the 
following table of results, and lam sure you will appreciate his kind¬ 
ness 

fin the lecture the results were represented diagrammatically; 
here Adorns 7 ** actual figures are reproduced on the next page, 
see the “ steplndder !| hold the table sideways, so that the column 
of absolute magnitudes is at the bottom. The upright leg is then 
^presented by the two rules across the page. It will Ire seen that 
the majority of intrinsically luminous star* are contained between 
these line?. The sloping kg is easily seen from the lie of the figures. 
That there are v^ry few faint starg of class M docs not mcfm that 
there arc few in f he heavens, but that they arc the most difficult to 
observe from their faintness ] 
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In addition to this confirmation by new narrations we have hnj 
aft independent confirmation by the brilliant theoretical work of 
Professor Eddington, who has attacked the problem of tha life of a 
star mathematically, lie supposed u mass of gas first of all to be 
simply under the action of its own gravity. It will consequently 
contract, timl owing to the contraction will rise in temperature; but 
Professor Eddington won found that this simple hypothesis would 
not answer—it led him to ini|Xissiljlc results,. Cllearlv something else 
besides gravity must be tit work, and lie was driven to the further 
hypothesis that the radiatioH-pmururt inside the star played an 
important part in its history. Radiation-pressure (or if W like 
to call it so, light-pressure) U what makes the tail of ,1 comet. As a 
comet approaches the sun it logins to feel the effects of the tier™ 
light, whit h is known to lie able to drive away very small particles 
from the head of the comet, much as we can blow away chaff from 
wheat. In confluence of this action the small dust-like particles 
which may exist in the head are believed to be driven outward to 
form the tail. l!ut this force k not merely in existence on the 
outside of the sun; it permeates its whole body. A particle inside 
the sun is of enurs* receiving radiation-pressure from all its, sur¬ 
roundings, but the pressure wiQ naturally be greater on the hotter 
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sld,y ? L e„, on the ride of the waive center. Working out the problem 
afresh with the addition of this new factor Professor Eddington has 
obtained results which agree satisfactorily with the observed effects, 
and indeed the closeness of the agreement is startling. He is able to 
utilize the fact noticed earlier In the lecture, that the inassca of the 
stars are not very different, so that it is easy to lake three repre¬ 
sentative cases—let us say one in which the mass is equal to that of 
our sun, one in which it is five times greater, and one in which it is 
live times leas—end by following these three cases in detail he can 
show the distinctive features of different stars. Briefly, the step- 
ladder is highest for the star of greatest mass* which uuiy get hotter 
and hotter until it readies type 0; ti star uf intermediate mum like 
utir sun is arrested nt a lower height find may not reach higher than 
type F. or at best A, before it begins to fall down the inclined leg, 
while a star of small inass jnay reach no higher than type K at any 
time. The golfers in the audience may be reminded of their hundi- 
eaps. Those who are destined to l>e scratch players {probably, how¬ 
ever. not liecause of their great mass) improve very rapidly until 
they reach the highest pitch of excellence, and it may even be only 
in old nge that they begin to travel downward; but then there are 
others of long handicap who, although they may improve a little at 
Jirst T never get beyond the fatal 16 at their best and on whom 
declining years soon begin to leave their mark. 

One of the most remarkable suggestions of Professor EddingLon T s 
work gives a reason for the close resemblance in mass of the stars. 
I here is a certain mass for which the radiation-pressure pressing 
outward nearly balances the force of gravitation pulling inward, 
and it is clear that for stars as large or larger than this a break-up 
sooner or Inler is to l*c exjiected. This assigns very obviously the. 
upper limit to the masses— we can easily see why there are no stars 
larger than el certain limit. But how about the lower limit? Are 
there no stars very much .smaller than this! Certainly ilitre are. 
He are living on one of them. Our earth is smaller by some chou- 
panels of times; hut then it is not a slur in the full sense* for it is 
not shining with ire own light. If it did ever -*o shine the light 
nilist have been feeble at best and have only lasted for a very short 
rime. There may. in fact, be many small stars* but we do not see 
them, and accordingly have not reckoned them in saying that the 
masses of tho start are closely similar. 1 

1 can not give you a better idea of the value of Prof. Eddington^ 
work than by quoting a few words from a letter Written to me by 


1 Oil iwdJnj tW* Qp tn J aat It do** ml ^ foil IctFtJff lu tMillsifftflii'i rue- 

S^tlisn r the tawnr llflali. ||r ehwm It ik-Anllt? dlffietilfj tn the fflrt&ftUfta of garnll nt*r*. 
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Jfr. Russell, again specially in response to a request mentioning Uiis 
lecture: 


Whut appeal* to ac nfi mo big tiling 1* EUdlntfton’a work on radiative njul- 
llbrlittn (M-N TT, p. HI and p, 5D0), Ttw Iinjioriancp or min cati ! molly tie 
ciBggwntKli It 1 b not too much to nay that It 1* the flrat rational theory of 
FEellur -dcjiiifiLititlwu 


Eddington has in fact given ns a rough attempt at tracing the 
history of a, star of given muss. By way of illustration let us eon- 
aider our own sun. lie ia now a “ dwarf star,” on tho descending 
leg of tlie ladder, of spectral type G, and with a surface temperature 
of about 5,000° C., and on absolute magnitude 5.1. Looking hack 
into the past he was at one time much hotter and of type F. and 
probably never rose much higher than this on the ladder. Before 
that Ids history lay on the asc en d in g kg, and there was a time when 
his spectral typo was just us at present, but his absolute magnitude 
was near rare, five magnitudes greater than at present. This means 
tliat die total light was 100 times greater than now, and since the 
surface was in a similar radiative state, it must have been 100 times 
more extensive. The diameter of the sun was therefore 10 times the 
present diameter— 10,010,000 miles instead of 1,000,000. Where our 
lit do earth may have been uL that time we can scarcely con¬ 
jecture, but supposing for u moment that we lind t*en able to regard 
the sun ill our present conditions, he would have taken nearly an 
hour to rise instead of a few minutes; and when risen, his disk would 
be 10 times ns great in all directions—a “giant*' sun indeed! And 
yet this magnification of lu to 1 is only modest compared with the 
extreme possibilities. 


lie alt out by the recollection of Jack the Giant Killer but our 
road lias led us rather to think perhaps of Jack and the Beanstalk 
' Ve l!!lV * chmbed up to giant land, the land of the giant suns not 
by a 1 leans talk, but by means of the trembling rays of light, a hdder 
whn-h docs not grow upward from our earth, but is let down to it 

!?''!? Tf '„ F “ f " f»!" «*1 tb. giant, 1 mdl 

th “ b “ ™ E "^ d ‘“‘ r ‘- *« •» —low the ghntt have been 

invaded, not bv an tagltshman. hut chiefly 1., an American; hut at 
any toto wo have the sntefMtton of reflecting that hie work began 
in Cambridge when he woo , student. „ r „l „ 4 f. 

there he. emanated from Cambridge this brilliant cooBrnnuinii J 

lrul. Mltagton of which the discoverer has himself evureJed 
mm generous upppeciatiou* 






A BUNDLE OF METEOROLOGICAL PARADOXES,* 


By w. J, HtritPinsTB. 


The scientific parados is only an exception to some familiar but 
too inclusive generalization. It. there?fore, has ln>lh the appeal of 
the riddle and the charm of surprise—the suiprisc, the instant tha 
truth is seen, of a sudden and unexpected discovery—and thus affords 
the same sort of intellectual delight that I once knew a student of 
geometry to experience. The proposition, one of Euclid's best, was 
the Pythagorean, often carelessly colled the pom osinorum, The 
boy in question was of that sturdy type that always insists on being 
“shown, n and not understanding this proposition, flatly refused to 
accept it. A little coaching at the blackboard, however, soon got 
him past his initial troubles and so fixed his attention that as the 
truth flashed upon him with the final ( * therefore,” he blurted out, 
in the ecstatic surprise of an Archimedes, and with the same oblivion 
to his surroundings: 

“Well, m be damned if It ain't so.” 

Whether the following paradoxes do or do not evoke such joyous 
acclamations as the one just quoted, they, nevertheless, deserve to be 
concisely stated and fully explained for they express important 
facts of nature, unknown to, or, at most, but vaguely realized by the 
average person. 

AIK FOEHXD SOUTH BLOWS east. 

This paradoxical behavior of the air is restricted, it should be said, 
to the Northern H emis phere; but it seems just as contrarious on tbe 
other aide of the Equator, for there, pushed north it blows west, 
pushed south it blows east. 

The push that causes the winds to blow is due to the existence of 
unequal amounts of air above a given level over adjacent regions— 
more at the place from which the air is pushed than at the place 
toward which it is push&—and this in turn, usually, is due to the 
temperature differences, level for level, between the atmosphere at 

1 AddrvrM ihfc fttlrfnff pml*]*nt at thr Soelvty <if Wuftlmstacu iMIroEVd 

Zl t lgQfe* fupi±nimd bjr Irvte V™ of the WuhlxiBMli &<***&¥ 

******** 'saL 10, .Vo. It, ilaf, 10, 1030, 
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thv tWo P la( ** Obviously there tends to he, and, initially. tietunllv 
i'. a hon/on til flow of the air (that is. a wind) ui each level, in 
Uus direction of the most rapid horizontal decrease of pressure at 
thuUeveh Such winds, however, frequently lust so long (hours at 
least) that their directions are profoundly altered hv a certain ob¬ 
scure factor, namely, the rotation of the ttrth-tte secret Q f the 
ftbo\ r a paradox—which is overlooked by almost everyone, and over¬ 
looked simply because its effect on the shooting of tt marble, the 
pitching of a bail, and all the thousand other similar phenomena 
with which we arc intimately familiar, is alwnra negligible 
H is ejjr to demonstrate, flS may be ifeund in manv books and 

^vnlTv? * il " in horizontal direction tends so 

strongly to turn to the right north of the Equator, and to the loft 

south of it, as to eiert u force, 
against a restraint preventing 
such deflection, given by the 
agnation, 

/ — 2 mwg einj. 
in which in is the muss of the 
object, v itsspeed, 9 Us latitude, 
and m this angular velocity of 
the earth’s rotation. 

Consider, then, the effect of 
applying a horizontal push of 

stant geographic direction to n m M (> f 3^^ nm °“ ltu ^ e «<m- 
* W txm friction, it ","Lri,“ ^ ' " lF 

**.”*«■ tM «. agin* I, to t i,i S DBUS j &sx& .*r 

With reference to the surface of the earth * let it k *, x- rCst 
ern Hemisphere, and let p 1* the P 2 of £££' % 
constant direction, north. I m me d iately thn , nil gmtucle and 
•« delta fro... (to “»"* tt 

*» *,* 1- 1 ! 1 ' T trod "«= ■ ** ££* A SifiZ 

p may !*» resolved, as shown, into two cottiDotiMm * V Titt1t! , ,ater 

flic other tangential to the path of travel, The first ^ 

foreo and the centrifugal force, ha. no effer t 1 hl^ 1 ****** 
right angles to the direction of motion while fill ^ng at 

increases the speed, which, in torn, increases the stt ‘ n)tlI - v 

the deviation toward the east Jn thu « n j .1 c ‘ ^' Ue ^ 0ree nt id 
»f p, along tto ‘ hc *“»«»* 

"™» —By «sl H,n« «iml s S, « ** *»«l *■- 

hours always Wow more or W c r flt . 1 , . K1 ‘ u ’ 1,s for wen a few 

right angles to, and net in the direction of*1? lSt>, ”“T\ that h > a * 
around centers of pjfsiijre miri. * ^ ie sustaining force— 

u.wrilorfrw.toa “ “"' l « ttiriclly 
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Xo matter, therefore, how paradoxical it may be ? air pushed north 
does blow eftst (in the Northern Hemisphere), pushed east blows 
south* pushed south blows west* pushed west blows north; while 
in the Southern Hemisphere it blows exactly contrariwise* 

RAT'S DRIES THE AIII. 

As everyone knows there is continuous and often rapid evapo¬ 
ration from practically all parts of the earth's surface. Neverthe¬ 
less the atmosphere a* a whole never becomes oven approximately 
saturated Water, as just stated is always evaporating into the 
air and thus constantly tending to saturate it: but, on the other hand, 
the atr is forever Ixdng dried by the precipitation out of it of rain T 
snow* and other forms of condensation, Whatever the temperature 
ami relative humidity of a given mass of air at any place along its 
conventional route* the total of water vapor it then contains obviously 
is less, in general, than when it left the surface of the earth by the 
amount of precipitation in the meantime abandoned by it. That is f 
on the average, air descends tn the earth drier than it was when 
it ascended, and drier solely because of, and in proportion to, the 
amount of precipitation that fell out of it during its convectional 
journey. In short, ns the parados puts it, rain does dry the air— 
does prevent it from becoming and remaining everywhere rec kingly 
and intolerably humid, as it otherwise would be. 

340KE a in goes up th an ever copies uow^r. 

This is, jKirhnpBf about as incredible n paradox as cun he found, 
for it seems flatly to contravene the well-known dictum that what¬ 
ever goes up must come dmvu, And, indeed„ to make the explana¬ 
tion of It entirely dear and definite, it will be necessary to consider it 
independently under two heads: &, when the air is measured in terms 
of volume, and* i* when it is measured in terms of muss. 

Me&msrtd in terms of volume .— As everyone knows, the vertical cir¬ 
culation of the atmosphere is only a gravitational phenomenon con¬ 
sisting of the sinking of relatively cold, and, therefore, also rela¬ 
tively dense air, nnd its consequent lifting or forcing up of adjacent 
air that happens to Iw comparatively warm and light In short, con¬ 
tracted air descends and expanded air ascends (is buoyed up by the 
descending denser air). Hence* mass for mass, the volume of the 
ascending air is always larger than that of the descending air. The 
ratio between the actual ascending and descending volumes, however, 
0r nil isses. may be anything, as illustrated by chimney circulation, in 
which the ascent is iWricted to a comparatively small volume and 
fringe moving rapidly, while the descent extends to a relatively large 
volume and miiss settling slowly. On the average, though* con- 
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sidering- both velocity o£ vertical raofement und volume occupied, 
or velocity times volume, the atmosphere us & whale U always ascend* 
iiig, n fact not only interesting itself, but also of some importance to 
both the aeronaut and tiie aviator. 

Measured in tains t>f mats.— Whatever the volume relations 
between ascending and descending nir may be, it would seem that 
at least tiie mas* that goes up and the mass that eventually returns 
must certainly be the same. But, on the contrary, they indeed are 
far from it. for one of the important constituents of the atmosphere, 
water vapor, often amounting, in places, to l per cent, and occa¬ 
sionally to more than 2 per cent of the whole, invariably ascends 
ns a gas, as a distinct part and pared of tho a [ r; hut descends, in 
great measure, not as a gas at all, not as any part whatever of the 

air, but qs a liquid in 
tiie form of rain, or a 
solid, such as snow and 
hail. 

Paradoxical, there- 
fore, as it may be, a 
greater mass of air ac¬ 
tually does go u p— 
more by at least SO,- 
POO.i n'jrj tons per second, 
tiie measure of world- 
w i d e precipitation — 
than ever comes down. 
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TO COOL Altt, heat rr. 

The air referred to in 
this seemingly absurd 
Statement is not that 

___ topsy-tnnry hind Alice 

Fia a It. —S'rrckal fcttuwm Cure amdtrtitH of frs* might have found in 

... ,- t ■ j * , ■ , Wonderland, but iuat 

11,0 . 110 . 0 - ki,„l rt,,h W, I,.V, ,l „ V5 Uwd: „„,l ft, pi,™,. 

™„„ lUdf. h-m,™- »otrt ? tOKprtHB. it ni,v « m . „„^, f M , 
importance and almost continuous occurrence 

»« I»™<lo™l r-Ai -to expUh with , di SEnlm . To 
tins bi., 1 fcl AH md A B %m» 2. 1*. , 

U,, free „,r; lhat a, l.t «* ,„, iicau . , jJL Jf 

k-nipemlnn, m ,l e | e v„i on ,,f 1""" ,‘ V 

<tori. w its trav,l «,iu,, r v " 2 * " ,J| " msi «' •» U.n, 

«d> „ its MTOutolmg““S 14 ? 

•'«*»» re m„ azsi. ns 
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case 1 ° C. per l£o meters change of elevation, if, then, under these 
conditions, a moss of uir having the temperature and elevation indi- 
rated by C% m\% of the figure, be heated V C. T or shifted in the figure 
to W'/it wiI! correspond!ugly expand and consequently be foreed 
up bv the surroimdmg den^r air-—will ascend, as wo- geiv, As it rises, 
it will cool, by expansion, along the adiabatic gradient A J B% anti, 
therefore* will com* into equiilbriiun with the suiruiuidiiig atmos^ 
phero where this gradient intersects the actual gradient EE. or at 
the level and temperature indicated by W * Clearly, then, under the 
assumed conditions, such as are very common in nature. :i mass of 
air he* Led 1° L\ rises GOO me lei's* and in $o doing cools G C .* or to a 
temperature C. lower than it had before it was heated. Of course, 
the warm air does not rise strictly ndinbatiraJly* though probably 
very nearly so; but in so far as it actually docs toe6 heat it corner to 
equilibrium at a correspondingly lower level and warmer tempera¬ 
ture. 

It is precisely this, paradoxical process of cooling by heating* the 
heating being mainly at the surface, however, licit Scads to the for¬ 
mation of cuioliIub clouds arid generates the familiar *" heat thun¬ 
derstorm* In fact, it is quite possible to produce a cumulus cloud* 
and even a local shower* through the action of a large surface lire. 
It should be noted in this connection that though combustion adds 
much water vapor to the air* five-ninths the weight of the fuel eon- 
sunned even in the case of absolutely dry eellulo^, nevertheless, fcbsi 
cumulus cloud over the fire is due essentially to the expanaional or 
dynamics! cooling of the ascending air. 

TO WARM ATH| COOL IT. 

Thb paradox is the converse of the one just discussed, and is readily 
explained in much the same way. Referring again to figure l'. lot a 
mass of free air having the altitude and temperature indicated by 
W in the figure, be coaM 1 & C** or its position shifted to C. It 
will at on.ee become denser than it wos s follow' (lie adiabatic gradient 
AB it falls to lower levels, and, therefore* come to rest at the level 
and temperature indicated by C", or at the intersection of the adia¬ 
batic gradient followed and the existing gradient. I hat is. as a result 
of the initial cooling of 1 ° C., the given mass of air will fall 600 meters 
and become 5 ° (X warmer than it was before it was first cooled. In 
so far, however, 115 the falling air gain* heat from the surrounding 
warmer atmosphere* it will come to rest at a correspondingly greater 
elevation ami U>wer temperature. 

This paradoxical phenomenon of warming by cooling is ^er^ fre¬ 
quently and very prettily illustrated by the evening disappearance of 
small detached clouds* such as a ltd-cumuli, friLcto-stratne, etc. As 
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BW “ 1 has s«t. these clou-1, and the air musss they fill cool 

laore rnpidly than Joes the clear atmosphere. They, therefore, fall 

to lower levels, warm up to higher temperatures than thrv oriciniillv 
had, and evaporate. ' ^ 

It will be interesting, m this connection, to note the logical effect of 
“_ certain m&nwvL % often proposed, and at least once e^wimnntaUy 
imd metliod of arttBcally inducing rainfall. namely* the Jiberel 
spnnklmg of a douil mass with liquid air. The result is, (J f coursc 
an initial cooling of the cloud, followed, ns above explained bv i 
much greater wanning. Instead of rain luring induced by thW p ^,. 
“* mav >' ^ventors would confidently expect, the chilled do„d 

c^i 1 : ™r imd **** iij •*»- A ^ coSmbii 

chilled may grow so much wanner a=, to disappear entire- t„ > i 
this particular liquid air scheme is not a rain-making prwws at all’ 
but, on the contrary, u rain deterrent. e P 1 ’ 

Kt >T A,a that » iiK.v'rt'j*. ^ « that m not rau^o, l3 

wakmiid, 

Tlib particular paradox may suggest the superiority nf “ „t , 
treatment ; tmrcrthd^, it is perfectly sound! Ileatk air, 

T t 7 tT 1iP . y the HUrroim ^ n - *mser air, and -IvnumtX 
coedod, hut the o.r that drives it does so by dropping to . Wbtd 

where ,t is more or less compressed and correspondingly warmed 
other words, while the particular air that was heated rk,7 i \ 
colder than it was initially, other air that was not heated at df folk 
lower and thus gets warmer. It is not the air that is bled7 * ■ 

tlint is not heated that gets warmer. " Ljted hut tar 

NOT Ain THAT 18 CUILLED, BUT AIR THAT IK NOT CltHim j fl thiiihi t 

oc-omj. 

The explanation of this paradox | 5 very similar tn tbu r » 
just given, and is equally simple. As the chilled nir l ^ * 7* the 0118 
other air is thereby raised and dvnnmbnll vv !f ,w * g * ia 

the particular air that wns cooled descends and t 1 . , . ™ ®» wil[ie 

k ™ origin, other * the, wTnet Sfeg? 
expands, and gets colder, ft is not the , ? M ls fcm ’ ei1 l 'Pt 

Jinppem,- to Ih? on or 'near'the surw''where W* * 

level) but air that is not chilled that gets older ”^ “ lowcr 

JIIXJXIT nwwn TTIK Ain to a SON-ner.,™ 

t-MniBM teuitjltteuul 

To the Tflboratorinn familiar with U-nP™. , . 

housewife stilled in the art of the Cll&i . iT , ? lonm,!lets ? *»the 

rest of us, nothing i B more certain-—iiothTu!^ ******* ’ ^ 10 ^ the 

nothing more m accord with daiiy 
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experience—than that vigorous stirring establishes n uniform tarn- 
I^raturc thvouglifHU the agitated medium. And iiidi-ad this eonduf 
sioti is quite correct in respect to the particular things tvv are likely 
to have in mind, but it does not apply to the open udmosphete* In hu:i t 
if the temperature of the atmosphere were uniform through my con¬ 
siderable altitude, u complete stirring of it would immediately destroy 
thi.i uniformity, 

Let t then* the atmosphere* whatever ite initial temperature distribu- 
lion. l?e thoroughly mixed without the addition or subtraction of heat. 
This will bring it into such state (that of neutral equllibrinm) dint 
ntiy portion of it on \mtig aSimbatically moved to a different place 
will, on arriving at that place, have the same temperature as the then 
adjacent air at the same level. That iit will hove the same potential 
temperature throughout, or same actual temperature when subjected 
to the same pressure* The truth of the above statement is obvious 
from the fact that any temperature difference that might be developed 
by a transfer of the kind mentioned dearly could be reduced by fur¬ 
ther mixing. 

Bid us a jmm of this air is carried to higher levels it continuously 
expands against the diminishing pressure—diimmstied by the weight 
of the air passed through—thereby does work at the expanse of its 
own heat energy and correspondingly cools to lower temperatures 
The ratio of this cooling to increase of altitude evidently depends 
upon the nature of the gas and the change of pressure* In the ease 
of our own atmosphere it is approximately 1° C. per lO'" 1 meters. 

Although, therefore, stirring does bring an incompressible liquid 
to a uniform actual temperature it brings the atmosphere only to le. 
uniform potential temperature, or an actual temperature that is very 
non-uniform. 

THE NEARER THU SL'N TIFE OOtOER TTIE AIM, 

Tim familiar fact that with increase of elevation and consequent 
approach (during ilic daytime) to thr sun. tlic air nevertheless gets 
tepidly colder, at least through the first 10 kilometers, is very pus¬ 
hing to the average person if he tries to explain it Nor, indeed, is 
riw ex phi Tuition of this phenomenon quite to simple and obvious as we 
sometimes are naked to believe. Essentially, however, this lent pent- 
true distribution depends on the following facts: 

1. The atmosphere, as we know from observation, Ls so disther* 
munouft that half,roughly,of the effective radiation received from the 
sun—that is, half of the portion absorbed and not lost by reflection— 
gnes directly to hearing the surface of the earth. Consequently, it h 
this surface, where the energy absorption is concentrated, mid not the 
atmosphere, through which absorption is diffused, that is most 
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strongly heated by insolation. The heated surface in turn warms 
the air above it, partly by contact, and partly by the long wave-length 
radiation it emits, And of which the atmosphere is far mure absorp¬ 
tive than it is of the comparatively short wave-length solar radiation. 

2. Furthermore, and this is an equally vital part of the explana¬ 
tion, the lower atmosphere (below about 10 kilometer-), under nil 
ordinary conditions emits more radiant energy thnn it absorbs—the 
difference being supplied by conduction. It is these two phenomena, 
(«) the surface heating (warming below), and (6) the net loss of 
beat by radiation (cooling above), that together establish and main¬ 
tain the vertical convections of the atmosphere under which, since 
the descending portions grow warmer through compression, and the 
ascending colder through expansion, the whole of the convective 
region is made to decrease in temperature with increase of elevation. 

But since the coefficient of absorption of the air, as of other objects, 
changes but little if at ft 11 with the temperature, while its emissive 
power decreases rapidly as it grows colder, and since the intensity 
of tho incident terrestrial (including atmospheric) radiation remains 
roughly constant tip to an altitude of many kilometers, beyond the 
first 4 or 6, it follows that the upper limit of the convective region 
is not, as formerly supposed, the outermost extent of the atmosphere, 
but at that elevation (10 to Id kilometers above sea level) at which 
the temperature is so low (—S5° C. roughly) that the loss of heat 
by radiation is no longer in excess of, but now equal to, its gain by 
absorption. Beyond this level temperature does not decrease, or 
dot's so but slightly, with increase of elevation; nor would it so 
decrcam (at least at anything like the present rate) beyond any level 
above the thin conducting anrface layer, at which absorption and 
radiation become equal. 

In short, then, the air gmws colder with elevation—the nearer 
tho sun the colder the air—because (1) owing to its transparency 
to solar radiation it is heated mainly at the surface of the earth, and 
( a ) because, at ordinary temperatures, it emit- more radiation than 
it absorbs. These together so affect the density of the atmosphere 
as to induce vertical convections, and thereby to establish and main 
tain, throughout the region in which they are active, a rapid decrease 
of temperature with increase of elevation. 


THE OQtZkEBT Alffc OUTERS THE WARIEST EARTH, 

Titis paradoxical statement refers to the air of the stratosphere, 
with respect to which it is a well-known truth whatever the ex plana 
tion may be. 

It has doubtless been known since the iWn of intelligence that 
the fop of a mountain is colder than the adjacent valleys, and that 
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the highest among neighboring mountains has the coldest top. And 
for much more than a century* actually si tire Novambtr HO, It&b 
it has been, known, from observations by balloonists, that the tem¬ 
perature of the free air also decreases with elevation, at least up to 
such altitudes as wen 1 attained by manned balloons. About the close 
of the last century, however, it became evident, through records 
obtained with sounding b&Unorts* that in middle latitudes the tem¬ 
perature of the atmosphere continuously decreases, on the average, 
with increase of altitude up to only IQ or 12 kilometers above sea 
1 e vc I * and then becomes sabot ant ia lly constant, X amorous subsequen t 
records obtained at many places have shown the additional surpris¬ 
ing fact that this isothermal region, or stratosphere, as it is generally 
called, begins at a higher level, and is colder, over equatorial regions 
than over any other part of the world. I tided L it ^ems to lie K| 

Ui 15* C. colder over the equator, where it a average temperature is 
roughly —TO” C. T than, for instance* over the Tolar Circles. 

The temperature of the stratosphere appears to be determined 
chiefly by the intensity of the outgoing radiation from the mirth and 
the intervening water vapor, and hence it seems to follow that this 
radiation must be less intense over regions near the Equator than 
over those of the middle and higher latitudes: a conclusion that 
merely shifts the burden of explanation from one paradox to another. 

Obviously, the earth as a whole must emit, on the average* the 
same amount of radiant energy that it absorbs, but the spectral distri¬ 
butions of the two certainly differ* In equatorial regions the upward 
movement of the atmosphere is so general anil so strong that high 
haze, cirrus, and other types of clouds are esceedingly common, and 
the atmosphere necessarily humid, and, therefore, highly absorptive 
of earth radiation, to great altitudes, especially m anticyclones with 
their extensive regions of descending air are there unknown* Clearly, 
then, a large part of the radiation through the stratosphere of thin 
region murt come from the clouds and from water vapor that are 
very high and s^r respond inply cold, and therefore its intensity, it 
would seem, must be correspondingly feeble. The petit up heat 
below can And an outlet through horizontal circulation and radiation 
from lower and warmer levels in higher latitudes. 

This, perhaps. Is at least the partial explanation of why the mini- 
mum temperature of the stratosphere occurs over the tropical 
regions—why the coldest air covers the warmest earth* 

_vs the oats traow uaxem the cold oaowp stronger. 

This old proverb paradox expresses the well-known fact that ntir 
lowest temperatures do not occur at the rime of the shortest days, or 
when the heat supply from the sun ia least, but some time afterwards* 
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when the days have grown longer and the supply of solar heat has 
increased. That is, over a considerable period the air grows colder 
as the sun grows warmer. In the far interior of continents, especially 
if arid, this log may not lx* more than n couple of weeks, but on many 
islands and along several coasts whose winds are prevailingly on¬ 
shore, it is from one to two months. 

To understand this phenomenon consider an object {representing 
the earth) suspended within u thermally opaque shell (assumed the 
source of incoming radiation) whose temperature is everywhere the 
same. For simplicity let the inclosed object 1* a “black body” that 
is. a full radiator and a perfect absorber. Let the absolute tempera¬ 
ture of the shell be T and that of the inclosed object T ± t. Under 
these conditions the rate of heat absorption by the suspended hotly is 
AKT*, where A is its “equivalent” area and K the “black body" 
coefficient, while the rate of its emission is AK(T ± t) ‘. If, now. t 
is small in comparison with T, the rat® of net gain or loss of heat 
by tho inclosed object is iAKT'i, approximately, and the ratio of its 
rate of temperature increase or decrease to the temperature difference. 
t, a constant inversely proportional to its heat capacity, assuming 
high conductivity. Tho limiting temperature T would, therefore, 
never be fully attained, but forever approached asymptotically. 
Clearly, then, if the temperature of the shell were T and that of the 
inclosed object T + f, the latter would continue to'grow colder 
through any finite time unless, and until some time after, the tem¬ 
perature of tho shell were raised above the then temperature of the 
inclosed object. 

The reasoning in this special case applies also to the normal daily 
temperature of the atmosphere (substantially that of the surface of 
the earth}, provided, as will be assumed for the moment, that there 
is neither circulation nor any thermal effects due to water trans¬ 
formations—freezing. thawing, etc. It applies because the normal 
daily loss of heat through radiation to space bv any given region is 
as though it were a full radiator at a certain temperature, and its 
normal daily gain of heat from the outside us though it were com¬ 
pletely canopied by another full radiator also at a certain (generally 
different) temperature. 

During the autumn, therefore, while there is still stored in the 
earth much of its summer gain of heat, and while the daily supply of 
energy from tho sun is growing less and leas per unit area, the aver¬ 
age 34-hour temperature of the surface, and of the surface air, 
must be appreciably higher than (hat of equilibrium with the simul¬ 
taneous incoming radiation—higher because of the additional supply 
of heat by conduction from its reservoir Iwneath the surface—and 
“ tlwsummer storage of heat in the earth is very large and also near 
the surface (but little penetrating beyond a depth of o or 6 meters) 
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it is obvious, from the preliminary explanation above, that the mini¬ 
mum temperature cun sot occur until some time a fter winter solstice, 
«r when the days have again grown longer, and that the delay must 
depend on latitude, nature of surface, and a number of other factors. 

The date of this minimum temperature is still further delayed, in 
many places, by the trend of warm ocean currents and the warmer 
surface drifts toward the higher latitudes, and by on-shore winds, It 
is also affected, though probably but slightly, by the thermal effects of 
freezing, thawing, evaporation, and condensation* 

The storage of heat in the earth while the days are long, its gradual 
delivery back to the surface while the daily supply from the sun is 
comparatively small, and the poleward drift of warm water at all 
seasons, together produce, as explained, the paradoxical result SO 
admirably expressed by the proverb: 

As ill,' days prow longer 
Tbc cold grows jifroagnr, 

AS THE SIGHTS CtBOW LONGER THE MEAT GE0WS STRONGER, 

It will he rwogmTied fit once that this paradox is only the counter¬ 
part of the one just discussed, and that it roust also have substantially 
the same explanation. 

As the days continue to prow longer Lifter the time of minimum 
temperature, it is dear tlmt from then on for several months the 
earth's gain of heat must lie at a faster rale than its loss—that in 
terms of the above explanatory hypothesis, the effective temperature 
of the shell Is T amt that of die inclosed object T — Under these 
conditions the earth, because of its large but finite heat capacity, 
must continue to slowly grow warmer until the incoming radiation 
has become leas; that Is, until the nights have grown perceptibly 
longer. 

This lag, the lag of maximum temperature after the summer sob 
Stine, Is also, like the lag of minimum temperature after the winter 
Folslice, a function of location; generally least in the interior «f 
Continents and fittest on islands and near coasts whose prevailing 
winds are on-shore. 

as the sun raaura™ the tem pi-ilvture a&ornto- 

Hy this paradoxical expression it is only meant to state tersely the 
well-known fact that the warmest time of the day is not when the sun 
is on the meridian* or when insolation ia greatest, but sometime in the 
afternoon when the sun has descended considerably from its maxi¬ 
mum elevation. As uveiyone knows, night cooling reaches its great- 

IB 
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est effect, oil the average, just sifter daybreak. Hence, sis the sun 
ascends the temperatures of the wnnmnjr surface of the earth and of 
the lower air lag behind equilibrium with the incoming radiation* and 
continue to do so until the intensity of the insolation has passed well 
beyond Its mitxinium. Thai is, the temperature continues to rise for 
some time, generally two to four hours, after the aim has crossed the 
meridian—us the sun begins to descend from its highest point the 
temperature continues to ascend- 

THE ABSOLUTE aiAXlHfftt tUtXEJS'AL INSOLATION {RMT AUFFLY) IS AT 

THE sotrrii folk* 

If / is the solar constant, or quantity of solar energy per minute 
per unit area, normal to the insolation at the limit of the atmosphere, 
then the total amount Q of solar energy per any consecutive 94 hours 
per unit area of a horizontal surface, also at the limit of the atmos¬ 
phere* is given by the equation 
1440 

Q = —^—l (sin 4 sin qH +coa $ coa 5 sin FI) 

in which 5 is the latitude of the place in question, 3 the declination 
of the huh at the time, and II the hour angle, in radians, between noon 
and sunrise or sunset, 

A great deal of i meres ring information is contained in this equa¬ 
tion. The most interesting, perhaps, is the fact that if the value of 
Q for the Equator at the lime of the vernal equinox be represented 
by 1,000. then that of the North Pole at summer solstice is 1,202, and 
that of the South Pole at the corresponding solstice 1 , 284 ; each being 
greater than the value of Q at that time for any other place in either 
Hemisphere. The advantage in favor of the South Pole is owing to 
the fact that the earth is then near perihelion and therefore closer to 
the sun. 

Not only does the absolute maximum diurnal insolation at the limit 
of the atmosphere occur at the South Pole, but, owing to the great 
deration of the South Polar region, the dryness of its atmosphere, 
and its comparative freedom from dust, so also does the corresponding 
maximum at the surface of the earth. 

The days, however, of abundant insolation at the Poles are com* 
paratively few, nor is this insolation very effective in raising the tem¬ 
perature. owing to the high reflecting power and great heat of fusion 
of the a I ways-prevalent ice and snow. And so it happens that 
although for a time every year each Pole receives more diurnal insola¬ 
tion than does any other place on the earth, it is always cold; and the 
South Pole, though having the greater maximum diurnal insolation, 
is the colder of the two, owing to its elevation and greater distance 
from open water* 



SOPm 'JSOLOtj IOAL P^TtAnOXES—S U MP1IHEYS. 


195 


TtiE HOOTEll THE SCX, THE COLDElt THE EABTl!. 

It is not yet. universally conceded that this paradox, “the hotter 
the sun, the colder the earth,” really is true, but the evidence in favor 
of it is already very strong, It is known, for instance, that several 
extensive studies of the temperature records of the earth have aJE 
shown that on the average it is a little colder during the years of 
sun-spot maxima than during the years of sun-spot minima, b'urthcr- 
more, numerous careful measurements of the solar radiation made 
during the past dozen years or more seem to compel the assumption, 
nt least tentatively, that the effective temperature of the sun is greater 
during spot maxima than during spot minima. If, then, Ireth these 
conclusions are true—if the temperature of the earth is lowest during 
spot maxima and the solar constant highest—it follows that the above 
paradox is also true. 

But by what possible process can the earth get colder when the sun 
grows wanner ? It has been suggested that the increase of the solar 
constant causes a corresponding increase in the atmospheric circula¬ 
tion, and therefore a decrease in the surface temperature, owing to 
the greater flow of cold air from the higher toward the lower latitudes. 
But the very great mixing of the convective portion of the atmosphere, 
and the consequent prevention of the formation of over- and under- 
flowing strata, seem to render this suggested explanation untenable. 

The key to this paradox may perhaps be found in the greater extent 
and density of the solar corona at the times of spot maxima than 
at the times of spot minima, The corona—sinre in large measure it is 
only so much dust a I rout the sun — -obviously must interfere with the 
passage of radiation through it, and to a far greater extent with the 
ultra-violet radiation than with the visible and infni-red. Hence, 
during spot muxima, or when the solar atmosphere is dustiest, the 
solar energy must, it would seem, he poorest in ultra-violet radiation. 

Now when cold dry oxygen, such as exists in the upper atmosphere, 
is acted upon by certain regions, at lca.'-t, of (he ultra-violet spectrum, 
some of it is converted into ozone, a substance known to bo in the 
upper atmosphere to a far greater extent than in the lower. Hence 
when sun sjrots are most numerous the upper air should contain a 
minimum amount of ozone. But ozone is intensely absorptive of 
earth radiation and that, too, in the spectral region of its greatest in¬ 
tensity, and where water vapor is least absorptive and carbon dioxide 
not at nil. That is, at the time of spot maxima when tlie solar con- 
stimt is (apparently) greatest, the earth's blanket of ozone is (pre¬ 
sumably) least. Even, therefore, if the earth should he receiving 
an increased amount of heat at this time it might, nevertheless, grew 
slightly colder because of the coincident depletion of the heatHjon- 
serving blanket of ozone, 
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A greater general prevalence of cirrus and cirrus haze during spat 
tniisima than during spot minima (indicated by certain observations) 
would also account for this paradox; because such clouds, owing to 
the siscc of their particles, shut out the short wave-length solar rudln- 
lion more effectively than they shut in the long wave-length earth 
radiation. And perhaps these clouds really are generally muni 
prevalent during spot maxima, and, therefore, nt least a contribut¬ 
ing factor to the cause of the corresponding temperature minima. 
At any rate the auroras are then mast frequent, and they obviously 
generate nitrous nxide and other hygroscopic compounds which, be¬ 
cause of their density, slowly full to the cimis level where they may 
produce cloud particles in an atmosphere whoso humidity is much 
below that which otherwise would be essential to cloud formation. 

The maximum, then, of the cirrus screen and the minimum, of the 
majne blanket, coincident with the highest temperature of the son, 
may very well account for llie alwve parados—the hotter the sun the 
colder the earth. 


THK COOLER THE St~y THE WARMER Tim EAlttTT. 


This parados is practically included in the one just discussed. It 
means that attimesuf sun-spot minima, when the solar constant seems 
to be least, the a,vt-muge, temperature of the earth is highest. 

At the times of spot minima the solar atmosphere la clearest; the 
extreme ultm-violet radiation presumably, therefore, at a maximum; 
the upper atmosphere richest in ozone, and the eau-th most conserva¬ 
tive of its heat, and, because of the minimum < i f that lie the case) of 
cirrus, also most receptive nf solar radiatiou-sn receptive and so 
conservative, perhaps, as to gain slightly in temperature despite the 
decrease in the heat Supply. 


tut, rtnx rises refoke rr js up, 

Tliis paradox about the sun rising before it is up is equally true 
of the moon, and the stars, and is also one of the host known and 
easiest explained *>f all meteorological paradoxes 
Everyone is familiar with the fact that as light passes slantingly 
rwm one medium to another, ns from air to glass, for instance it 
dt.es not continue on in the same straight line, hut abruptly dunces 
direction at the interface according to well-known laws. And the 
same thing ... true of the rays of light that pass from space into and 
through the atmosphere of the earth, exempt that, in this ea8c as the 
density of the Atmosphere gradually increases frem zem Qt its outer 
Iwindary to a maximum at tlie surface of the earth, so too the change 
rn direction of the entermg light is equally gradual. The toted 
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chough of direction by tUc- time the surface. of the earth is reached 
depends upon tlie wave length, or color, of the Light; the slope at 
which it outers, or zenith distance of the luminous object; the tem¬ 
perature mill barometric pressure At the place of observation; the 
humidity; And several other minor factors. On the average, how¬ 
ever, light from a star for instance, that appears to be flQ® from the 
zenith, and, therefore, on the horizon—just rising, suy—bus lieen 
bent out of its original course hy about 31.5'* That ie s it comes into 
view (rises) while actually more than half a degree below the hori¬ 
zon. And as the angular diameter of the sun and tire moon ere each 
less than this horizon refraction, it follows that when the sky is 
sufficiently dear the whole of either luminary may be seen before 
even it* topmost portion is up; that k, Ljefore it is geometrically 
above the horizon, or actually within tHJ tf or less of the zenith* 

THE fit's SETS AJTER IT IS HOWS\ 

Since the virtual wave Length nf a given radiation of celestial 
origin and, therefore, the value of its astronomic*! refraction is modi¬ 
fied by the rotation of the earth, as are also certain sr ini ills Lion phe¬ 
nomena, it follows that the above paradox ia not identical with the 
one just explained* Nevertheless, as the spectra of the stars and 
other celestial objects all overreach the visible portion at each end 
it follows that the Doppler effect produces no Appreciable idtcra¬ 
tion in the ensemble of the light from any one—merely n minute 
shift of its entire sjKrctnim that con be detected only in the positions 
of definite lines. 

But even |jhk displacement of the spectral lines, due to the rota¬ 
tion of tiie earth, is far too small, roughly one three hundredth the 
distance between the sodium T>% to affect delectably astronomical 
refraction. Hence ns the sun, the moon, and the stars till rise before 
they are up, so too they inu=t all set only after they have gone down. 
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THE DETERMINATION OF THE STRUCTURE OF 

CRYSTALS. 1 


By rtAi_rn W. G. WtcnoFi-, Pn. IK, 

Ooophi/ttcai li*temlQnt w Camepie IniHtmtion of Wtuhingtoft* 


lWith T plmtMd 
OBTLIKIL 

Ixtboiwctidk. 

AST OUTLITTE Q¥ THE DeVELUFAIEAT OF HIE llUKA BhfUsYEi IK StUPYUIO THE 
ST^UCTUBErf Or CKYATAUt: 

Tho experhnoM of LaiUL 
The * redaction " of X rays. 

Powder rcl 3 ectlouH. 

Tlic structure of sihlEum ehlorhSe. 

The wan tro^th* of X rays. 

The general tiieiiiod of studying the strucitfri^ of rryfltaiA 

A fttlLF PjHrihHIOJI or THE METHODS OF 0 *T±lKlflfI DCFFUCTIO^ EFFECTS FfiH>¥ 
ClFHTALb : 

The spectrometer method* 

Spectrometer datn. 

The " tuws +l of redaction. 

The method of powders. 

The method of Lace photographs* 

If flag lift 

A of Some of the STmucruiEfl Thus Fab Studied aSB SksKE of tni 

T^roiutATioN Which They Sfctw tc Yield Concjoixiao the Nature of Cbt&- 
TALUNC Sot. His ■ 

Metal* 

Compounds of the type AB. 

Oilier simple eomiwmnd* 

Informal loo to be derived from the structure of the atom. 

rSTRODUCTlOW. 

The following discussion aims to give a brief survey of the OHd of 
the determination of the structures of crystals as it exists at the 
pirfe-ent time- The most essential events in the development of this 

1 m■[ifrl eHiC by perrnliiSmi from ttw JmsfiwiI ul Thu Pnntllfl Ia*i1tUtf, ^lirairj l 1021. 
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work arc mentioned, the existing meanti of experimentation are out¬ 
lined, and some of its present limitations n re discussed, together with 
somu of the kinds of problems to which u knowledge nf the arrungs- 
ment of the atoms in crystals hag contributed and may be expected 
to contribute. 


.vs outline or tiledevelopment op thk means employed in studtino 
Til i: >rmurruir£LH of crybtauh, 

£%p4rim£nt fl/ Lane. —I 4 or some time it hna been evident that 
the distance apart of the atoms in n solid body is of the order of 10-* 
centimeters.* In the days before the nature of X rays was known, 
attempts were made to see if they could be diffracted by passage 
thronph very narrow silts: the results of these experiments showed 

that if X rays re- 
ally wen; wa.ro mo¬ 
tions of Ei nature 
similar to wrdi- 
nauy light, their 
wave lengths rnuli’l 
not by mudi **x- 
& e 0 d ] O'* centi¬ 
meters. 9 

Starting from 

tJi is 

ju formation 
La ue concluded 
tlmt if X ray$ are 
TXi±\-Q motions of 
this type they 

Sees r ?r ,tis s^ gh r ° r,hri * 

Bfurmshed by a crystal ; and, as a matter of fact, when a narrow pen- 

l i ,r a’T WaS dlro,] - h * ^ section of a crystal, a number 

of diffracted images of the pinhole defining the bean, were obtained 
arran^i m a symmetrical fashion about an tmdLffruetcd TjJ 

“Jt for twr O’ing out tlds experiment is Siown in 

, ^ ' A of X rays after passing through two pinholes in the 

lead screens A and B proceeda through the Lhin section of a crystal ut 
f and register itself as the undeviated and diffracted images u non a 
jdin tographic plate placed at D. The kind of diffraction patterns 

’An IllkillM IlH- dUnt-njliiu. th- of Influent*" ..r .,7,TI 7 Z 

,,IM (B •■““ 1 ' »»?»■ « Cr.lil Urn tbldiKiH of -Lap bulHdr Bin^ 

til Hi. kfnHicr tl-.i-orj „ f nm™. utlt ] wp^i.ny flora tlm „.„ rt , 

Urua tiJiri nLCT«#, D | from ca„„tm vt . (Nirtlrii* 1 1 <ID ***• 

,’. H -lf“™ “• u - *'*»• o-'nm. Si. Tit loo?;: M , 11tfU , „ , 

U'M . .a-, its, luia- k I* Kuril, Ihirf. .w. r,oT. tmj. ' l#f “ n Sanunurtoia. 

*si. laa*. W. FrifOrk-jr, n. p. Baiepina, aml, d. puj.,, 4l , u Tl- ltlJ1 
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ib it sire thus obtained is shown in figures 2 to ft 5 I heir symmetry 
ia seen to be dim fly related to the symmetry of the diffracting cry- 
still; for instance, the cubic crystal of magnesium oxide gives a four¬ 
fold pattern {% :> > when the X rays pass along a tetragonal nxu, » 
trigonal crystal such eik calcite furnishes n pattern (bg- * *) that shows 


(1 threefold symmetry when the X rays rue traveling parallel to the 
principal axis* 

The livflection'' of X ray*. —In Lane's experiment the crystal 
may t« thought of as behaving toward X rays as if it were a three- 
dimensional diffraction grating* The mathematical treatment of 
such a grating* ^ 

presents very con- f '■■■ 

siderable dllTknl- 

ties. Fortunately, g / \* 

however, W. Ll ^’ S s. 

Bragg has pointed a \ \ v \ 

out that these dif- X rs. Ni/' ) 

fractions of X T s i r 

rays by the atoms r „ 

of crystals can • * fi 

hist as satlsfae- .. 


^ 

t ^ \ ’N^<- 







torily, nnd vastly 

more simply, he treated as re/fictions from planes of atoms within 
the crystal. 7 

This point of view suggests that X rays ought to be “reflected” 
from the faces of crystals. If a parallel beam of X rays of a single 

tiriffl. 2 and S in? Gbtftlut'd £rem phot-neraphu by J*. I^r. Vrfli. K, tilfk 

WlM , &I F 3fi>a, 1JM3, The uthera fra** town prepared bj thr writer. 

* M. Laur, W. frlrtirhiti, u. I\ Hu I fi pi h&El ell. 

* w. L. UfifK, Tree* C&SttJ, PMi &>o. 2T* 4 »f lf>I& 
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"'ftve length strikes the face of a crystal mounted at C (fig. 10), it 
is found that X rays are reflected at certain definite angles.* The 
mechanism of this “reflection w has an optical analogue; if a [warn 
of light falls upon a stack of thin plates of trams parent material 
such as gloss, this light is found to be reflected strongly only at 
definite angles, the values of which, will depend partly upon the 
wave length of the incident light and the distance apart of the re¬ 
flecting surfaces. These plates of glass may be taken as correspond¬ 
ing to the planes of ntotns in the crystal. 

The factors governing the reflection of X rays can be shown with 
the aid of figure 11.* Tbo reflecting planes of atoms parallel to a 
crystal face are represented by p, p t . . , p K > the beam of X rays 
A, 4it * < > strikes the face of tbe crystal at the angle o; the 
distance between the planes of atoms is tf, The following conditions 
will govern the reflection of the X rays along the direction BC. 
Draw BE perpendicular to -4 and BD perpendicular to tlie 
planes p y p„ .,, The difference in path between the ray ABC 
and A X I1^C is 

BB l —B t E, 


When this difference is exactly equal to a whole number of wave 
lengths iif the X rays, the beam which is reflected from the plane p, 
will arrive at V exactly in phase with that reflected by the plane p\ 
otherwise it will suffer practically complete neutralization by reason 
of the various sorts of phase relationships which exist between the 
reflections from the different planes of atoms. Consequently, in 
order that there may be a reflection of the X rays along the direction 
BC t it is necessary that 

BB t -B,E=nX, 

where >. equals the wave length of the X rays and ft (called the 
“order 15 of reflection) gives the number of whole wave-lengths dif¬ 
ference in path of the reflected X rays. In the triangle BB D the 
side BB l =tha side B,D so that BB^B^^ED. Therefore, 

BD-rik. 


Now the angle DBE = the angle -15/j = f); art ,j nj f _ .>j 
this 


Rl>=%d sin 0—nX. 


From 

(i) 


Is the te,damentn! «l^tio n underlying all reflections of 
A rays; 
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Poteder reflections. —It bus just bci*n seen that diffraction* or “ re¬ 
flection,” effects with X rays result cither from passing them through 
h thin section of a crystal (the Laoe experiment) or by “reflecting" 
them from the face of a crystal. In both of this® cases a single 
crystal of considerable size and perfection is required. There is one 
otiier way in which definite diffraction can bo obtained: by “re¬ 
flecting ” the X rays from a haphazard arrangement of crystals such 
as is furnished by u line powder. 10 In such :i completely chaotic 
grouping of crystalline particles some of them will he in a position 
to reflect X rays from each important crystal plane. Thus interfer¬ 
ence effects from all of the possible planes in the crystal will be pro¬ 
duced at the same time. This third method of obtaining diffraction 
effects makes available for study the large group of substances which 
can not be obtained as crystals of appreciable size. 

The itmehtre of sodium chloride*— The reflection of X rays by 
crystals gives a means of obtaining information about- the arrange¬ 
ment of the atoms in the crystal. If the structure of a crystal is 
known, then the wave length of X rays can be determined. From 
equation (11 it is seen that if X rays of the same wave length ait* em¬ 
ployed. the relative distance apart of like planes of atoms in different 
directions can be derived from a measurement of the angles of reflec¬ 
tion. From such measurements it appears that the spacings of like 
planes normal to the cube, dodecahedral and octahedral, (100), (110), 
and (111). planes of sodium chloride stand in the ratio of 

t 1 2 
1 ' Va 

\Y. IT, and W- L. Bragg pointed out 11 that these observations can be 
accounted for if the atoms of sodium chloride have the positions 
shown in figure 22. (See p. 211) 

The ware lengths of X rayfr —A knowledge of the arrangement of 
the atoms in any crystal makes possible ft determination nf the abso¬ 
lute length of X rays. The necessary procedure ifl somewhat as fol¬ 
lows: A crystal may he imagined as made up of a vast number of 
units of structure* nil alike in size stud shape and similarly oriented ? 
far instance a cubic crystal will be divisible into cubes, a hexagonal 
crystal into either hex agonal prisms or rhombohci Irons and so am 
Figure 22 shows such ll unit for the structure assumed for sodium 
chloride. That four chemical molecules ar« associated with this cube 
will be clear from tins following considcration& The eight sodium 
atoms at the comers of the unit are each shared hy eight cubes; all of 
them thm place within the unit the equivalent of the mass of a single 
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sodium Atom. The atoms and P are each shared by two enlnss: tioth 
together there supply another sodium atom within our cube. The two 
remaining sodium atoms are furnished by L and M and by Q and //, 

In ti similar fashion it can be shown that four chlorine atoms are as¬ 
sociated with this unit. 

The volume of the cube cun be written; 

^ * TH jH 

where 

Fssthe volume, 

m, the number of molecules of sodium chloride within the tmit,=f, 

Pi the density of sodium rhtoridi?.=2.!7. 

ltf » t! ' e ma5B a single molecule of sodium chloride, opal* the 
molecular weight multiplied by the weight of an atom whose 
atomic weight is unity, roughly equal to the weisht of a single 
atom of hydrogen.=59,5xiJ&4X10 grams, 
from these, </, the length of a side of the cube, \i pM5,&0Xl0"* j 
centimeters. If the reflection is taken from the face CD HO, then the 
distance tt between like euhe planes is tin? distance between the piano 
CD HD and tin* plane BASF. 'flit- reflection from planes of such 
a spacing would ho of the firs* order. But it will be seen that the 
plane QLR3! has exactly the same composition ns these other two 
planes and is spaced midway between them. The waves reflected 
from it will then lie exactly out of phase with those from the other 
plum* and, having the same amplitude, will blot them out complete!v 
The first reflection to lie found from the cube face of this arrange- 
ment of atoms is tlni3 of the second order. If X rays from u tube 
having n palladium target are used, the angle of this reflection is 
found to be 5.9°. In equation (l) we now Lave— 

o=2, 

<*=§.60X10'* cm., 

0=5.00', 


Consequently X is equal to 0.576X10 " centimeters. 11 

The obvious objection to this determination lies in the fact that 
though this particular structure for sodium chloride agrees with the 
experimental data just mentioned, there may be, for aught it tells 

****** (A rtTl 7 f?f"W* «• in equally good "agreement! 
The large amount of data, however, agreeing with this structure and 
he value of the-wave hmgth of X revs derived from it that has since 
from d,irere,lt **"«* w*k«* their truth seem highly 

Using this same method of procedure, W, IT. and TV. L. Brai-tr and 
ethers have found str uctures whirhwill account for the positions of 
41 w, n. find W, L. Bnut, ajt thM?. Th, ■-- 
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the reflections from the most important faces of a number of crystals, 
such as sodium and potassium chlorides, iron pyrites, tho diamond, 
carborundum, and various members of the cutcitc group of minerals. 
Probably in no case can the structures which are t Aus obtained be said 
with absolute surety to correspond with the arrangements of tho 
atoms within these crystals. 

The general method of studying the structure of crystal * *.—it con¬ 
sequently becomes necessary, if wc »re to make any definite and 
certain progress toward unraveling the structures of cystalline com¬ 
pounds. that a method be developed which will make it possible t« 
determine uniquely such structures, or at least that will indicate the 
decree of probability with which a particular structure has been 
determined. Fortunately the basis for such a method was already 
prepared, for the geometrical theory of space groups developed many 
years ago by Federov, Schonflics, and Barlow ran be made to give 
all of the possible ways of arranging points in spare so that tlie group¬ 
ing which results will exhibit crystallographic symmetry. 11 * me© a 
crvslal is an orderly arrangement of atoms in spare, it must com* 
spond with one of these spare groups. Consequently, when the spare 
xrronns are given a suitable analytical representation, a means quite 
independent of any X-ray experiments is provided for writing down 
all of the possible positions which the atoms of any compound can 
occupy. After this has been done llm particular data which will 
servo‘to distinguish between these various possible arrangements 
can be selected and those methods of experimentnlion employed w hicli 
will yield most readily the needed facte. Such a method has the 
advantage of being equally applicable to complicated and to very 
simple structures. The point of view involving such a u sc, of the 
theory of spare groups was used first by Nishikawa in studying 
sminei. 1 * The geometry of the method arising from it, which lias 
boon ill the course of development for several years.* 1 may now !« said 
to be nearly completely developed. 


Tire aiETiioaa of cum ini no diffraction kvfects muon ciitstaw. 

The spectrometer nicflfirf.—Tlif® ways of obtaining definite X-ray 
diffractions liuve Iren mentioned: {1) By reflecting X rays from 


«w. B. awl W. t, mm. *p- dr eMp». *u an* aji* e. l- *“'?!* 1 AA 
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individual faces of a crystal; (3) by reflecting them from ci crvslul- 
line powder so that all of the ['ossible crystal planes have an equal 
dilutee to reflect; (3) by passing X rays through a thin section of u 
crystal. We shall now discuss very briefly the way in which these 
ikree kinds of experiments are t arried out and point out the kinds of 
data that can be obtained from each. 

Flit 1 lirst of these diffractiontnetbodsiruiy be tailed the spectrometer 
rnethoil. X my*, preferably of a single wave length, are passed 
through two narrow slits of on X-ray spectrometer in order to render 
them parallel; this beam, after reflection from the face of a crystal 
mounted upon the spectrometer table, posses into an ionization chsm- 
her, where its intensity is measured by the magnitude of the ionization 
winch it produces in the gas of this chamber. Such an X-ray spec- 
trometor is shown in figure 12. The X rays pacing from anX-rey 
tube through the shts & and strike the face of the crystal mounted 
at C. When the ionization chamber 1) and the crystal V stand :.t the 
proper angles, the reflected beam of X rays enters the chamber I> 
through a mica window by way of the slit S % . This chamber is filled 
with some gus. usually sulphur dioxide or, better, methyl bromide 
which ionizes strongly under the action of X rays, 

IJic case of the ionization chamber is charged to a potential of 
about 200 volte, while the inside insulated electrode, which is eon. 
nectcd only with the gold leaf of a sensitive electroscope /f, a t the 
moment of beginning the experiment, at the potential of the -remind 
As X reys enter the chamber and ionize the gas within it, the paten- 
ml of the gold leaf w.l change. The rote of this change is measured 
by the drift of the gold leaf and taken as an indication of the in- 

of the crystal and of the ionization chamber the relative intensities 
o refl^ton from a single face can lie obtained for the various orders. 
This information is usually sought for several faces of a crystal 

In place of an ionization chamber ami electroscope for Susgring 
the diffracted X rays a photographic plate can be used. Tf the X revs 
are of a single wave length on image of the slit will anne- «t, ill 
position conditioned by Ration (1). If the X rays in Mo original 
beam arc of more than one wave length, as j B usual!, the era thou 
for a perfectly constructed nystaWmmining thercbV one in which 
the atoms *« amnged with perfect regularity throughout the rntire 
mass—and for per Wy parallel X rays, only the image co re\ S 
tng to one wave.hmgth wiU appear upon the photographic plXfor 
a particular orient a Hon of tlm crystal. If t L iJL “iv ■ 

Achtly .Uverg^t ,ft tr p*si„ c thr.u-h the „,',h e JL. JZ? 

it can be shown from geometrical considerations th-, i 

l«m upon . Birttt, -kid. a as fa, trora the ^ 
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■igtant from the slit, This fact is of utmost importance in designing 
•kn X-niT spectrograph. If a photographic Jilin is curved to the arc 
lJL f u circle of a radius equal to the distance from the crystal to the silt, 
Kind whose center is at the crystal face, then a focused image of a 
I small range of wave lengths will appear upon the film. Furthermore, 
Bjf tiie crystal is hut rotated continuously liack and forth, all of the 
.different wave lengths in the original beam will he reflected at some 
6> angle of the rotating crystal, A photographic image of the entire 
B X-ray spectrum can thus be obtained. Figure IS shews a spectru* 
T graph designed for obtaining such reflections. Figure 15 (pi. 6) 
gives the X-ray spectrum of tungsten obtained in the manner just 

k outlined. , 

Spectrometer data ,—The principal use of the photographic X-ray 
spectrometer (spectrograph) in studying the structure of crystals 
lies in determining the absolute distances apart of like planes in some 
one direction in the crystal. This information, furnishing a knnwl- 
edgw of the number of molecules to lie associated with the unit of 
structure, is the first piece of experimental data that is required in 
Etudving the structure of a crystal. It can be obtained much more 
readltv hr photographic means than by searching about looking for 
a reflection, as must be done if the spectrometer itself is employed to 
give the same information. 

The following is an outline of the nature of the data which the 
spectrometer and the spectrograph can lie expected to yield. It lias 
just been stated that the number of chemical molecules associated 
ivith the unit of structure can lie deduced from u knowledge of the 
position of the reflection from a single face of n crystal. The pro¬ 
cedure required to give this information is quite the same as that 
already used in getting the wave lengths of X rays. Equation f 1), 

uX=2d sinQ can 1>n written: d= It lias been indicated that 

2 sin Qi 


r=^A f . (2) 

( 3 ) 

where d lM is the sparing in the direction of the side of the unit prism 
nnd (? is a constant whose value is determined by the symmetry of I he 
crystal (and is obviously equal to unity in the case of a cubic crystal). 

By combining (2) and (3): m ' ’’ , j 0 -\ substituting the value of d 


obtained by equation (I), then? Faults: 

m cX f p 
S" Bain 1 id?" 

Besides tolling the absolute distanced <i|nrE uf the pin lies of atoms 
]ti the crystal, spectrometer mcjisn re meats give some indication of 





208 


JlNNTTAL RETORT SMTTRSONl.VV IKSTITUTlON'r ICIGO. 


the com posit inn of these planes, Imagine tl»ut the atoms of n cor-. 
tam crystal are so arranged that in a direction normal to some face 
they he in planes spaced as in figure U, The distance apart of like 
planes of these atoms is d; hut midway between the planes made up 
of atoms of A are planes of atoms of ft. The waves reflected from 
the A planes anil from the if planes will interfere to an extent which 
depends upon the relative reflecting powers of these atoms. Tf, for 
example, the reflecting power of atom A were just equal to that of 
atom II it «r thm quite clear that the first order reflection from one 
kind of plane, being of exactly opposite phase tn that from the other, 
would just nullify the reflection from this other plane so that flic 
distance apart of like planes would seem to I* half of what it rcnllv 
IS. the reflecting powera of the two atoms were not equal, then 
there would still appear a first order reflection, but one weakened 
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different orders, or, what amounts to the same thing, to know how 
tho intensity of reflection depends upon the spacing between like 
planes of atoms in a crystal, The form of this function is not known 
now with any degree of certainty. 

I nti[ a knowledge of these two factors governing the amount of 
reflection of X myn—the effect of an uni c number and the effect of 
spacing—is available it is useless to attack by the means we have 
been dismissing any but the simplest of crystals. Even with these 
it is never certain that the structure selected sis agreeing with the 
experimental data is actually the correct one. It may be urged that 
if a lock of knowledge of these two li laws” of reflection is the onlv 
thing that delays the determination of the structures of many and 
complicated crystals, then we should immediately proceed to discover 
the forms of these two expressions. The reason for not carrying out 
this apparently simple program U not hard to flml. The commonly 
employed spectrometer method of studying the structure of crystals 
involves the simultaneous use of these “unknowns”; only in'rela¬ 
tively few instances lias it been possible to get at the Arrangement 
of the atoms in a compound without assuming values for both of 
these expressions. Since it is only by working with crystals whose 
structures are known with certainty that progress cun be made toward 
n satisfactory solution nf these two problems, and since a use of the 
answers? to these same problems are usually involved in getting the 
structures themselves, advancement has not been made. 

These two “laws” which we have been discussing are of verv 
considerable importance quite aside from their use in the determina¬ 
tion of the structure of crystals, finch meager information ns is at 
present available seems to show conclusively that the forms they will 
take can only be accounted for by taking into consideration the inti¬ 
mate structure of the atoms themselves. 

The diffraction or reflection of X rays by an atom may lie roughly 
pictured as follows: hen a beam of X rays of definite wave length 
strikes an atom the rays may he supposed to accelerate the electrons 
contained within this atom. X rays which are emitted hy such elec¬ 
trons are the diffracted (scattered or reflected) radiation. If all of 
the electrons in on atom wore concentrated very close to the center the 
amount of scattered X rays should lie quite closely proportional to 
the number of electrons in the atom. Such a proportionality is in 
reality only very roughly fulfilled; in fact, some of the evidence 
seems to point to quite marked variations from it. This lack nf pro¬ 
portionality is most simply and easily explained by supposing that 
the atom, meaning thereby the volume occupied by the electrons sur¬ 
rounding the atomic nucleus, is relatively large. The X rays scat¬ 
tered by electrons on one side of the atom will interfere, sometimes 
*t290a’—22- 14 
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destructively and sometimes constructively—depending upon the 
absolute magnitude of the atom itself and upon the wave length of 
the X rays—with those rays scattered by electrons on the opposite 
side of the atom. This idea of atoms of appreciable size almost 
certainly must be caller] into play in order to account for the peculiar 
way in which the intensity of collection varies with the angle of 
reflection. 


This field of studying the intimate structure of the atom is quite 
untouched at the present time. The results which arc to be obtained 
from it are, ns we have seem of more or less doubtful value until 
tiie determination of the structure of crystals has been put upon a 
very certain basis. When thia has been done—that is, when we hare 
succeeded in determining vniquebj the structures of a few crystals— 
these methods of X ray experimentation quite proporlv can be ex¬ 
pected to yield very useful information. 


The mcthwl of powders.-^ The second method of obtaining diffrac¬ 
tion effects from crystals (the method of powders) k in a sense a 
generalizadon of the one just discussed. I f u parallel beam of monn- 
chtomatic X rays is caused to fall upon * fi ne crvs tamn 0 powder 
put in place of the crystal at € of figure 10 (p. 201), a number of 
images of the slit produced by different planes of atoms of thn 
crystal will be obtained upon the photographic plate at D. For in- 
stance, if tlie powder is that of a cubic crystal, some of the particles 
of this powder will have the orientation necessary for reflection 
from, let us say, the ml* face,-others for reflection from I lie octahe¬ 
dral face, arid f*ifl others from the dodecahedral face. and so on; 
consequently images from each of these planes will appear upon the 
film, The kind of photograph that is obtained in this way is shown 
in in tft lft* T 

Th ® iuf, ’ riloti(m by “ powder photograph la about the 

same as that obtained by spectrometer measurements, except that 
now » smgle experiment furnishes a large number nf reflections 
whH'h m the other case would have to be made upon each face 
separately. This is obviously :i great advantage. The ponvdure at 
tne Kirne time has several serious disadvantages, however: (1) It is 
greatly to be doubted if the pisntometcred intensities of reflection 
such as ant-to he obtained from these photographs, are at the present 
tune as accurate as are the results derived from the use of the ioniza¬ 
tion dumber; (2) the amount of material which is reflectin'- X ravs 
in the formation of anyone of these images ia extramdy small,"fio that 
relatively very long exposures arc required; {3) partly because of 
this Email amount of diffracted energy, the images are’of consider- 
aide width, so that planes having about the same relative spacings— 
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which are nt present the most useful in studying the structure of 
crystals— will give effects which overlap one another; (4) used by 
itself this method fails to identify the reflection of any plane with a 
particular image. Idle fids last objection Is not serious when we 
are dealing with very simple compounds, it is exceedingly important 
for all of the more complicated cases. 

The great use of this method lies in its opening up for Htudy a 
vast number of chemical entnpounds which do not crystallize well. 
At present it is not known whether the atoms of many kinds of 
substances are arranged in an orderly fashion or not. For instance, 
are the individual particles of a colloidal substance in reality ox* 
trnordinarily minute crystals or are they more properly to lie looked 
upon as more or less haphazard agglomerations of atoms? Or are 
many of the naturally occurring minerals, such as chalcedony or 
the opal, perfectly disordered groupings of atoms, or am they built 
up of the minutest crystals which stand in disordered relations to 
one another? Tins method of obtaining diffraction effect# may lie 
expected to answer such question# as these. This field is, however, 
thus far practically unexplored, 1 " Further, are liquid crystals 
crystalline in the sense that they am made up of a regular arrange¬ 
ment of atoms in space? TTc have here a method of attack for de¬ 
ciding it. If the atoms within the moUcvtles of com plicate I organic 
compounds stand in a definite orientation to one another, then such 
compounds should give diffraction effects isirca in the liquid state. 
Debye and Schemer ,B believe. Hint they have obtained diffractions 
from Uquid benzene which prove the existence of the benzene ring; 
jo fact, it is raid to lie 6.00X1°"* centimeters on an edge and 1.10X1"'* 
I'entimetcrs thick. This same method finds its use even in the field 
of chemical analysis,* Suppose that we leave a substance which on 
solution gives a test for, let us say, sodium anil potassium, chlorine 
anil iodine. Is it a mixture of sodium chloride and potassium iodide, 
or is it a mixture of sodium iodide and potassium chloride, or are all 
four present together? Die method we have been discussing will 
decide it, for each of the substances is characterized bv lis own dis¬ 
tance between atoms, nnd once the pattern of images which each of 
these substances furnishes is known it is only necessary to search for 
these same patterns in the photograph obtained from the mixture to 
be analyzed. 

7 he me.thotf of Lave photographs. — The third me I bod of obtain¬ 
ing diffraction effects from crystals is the original method of Lli up. 
In this instance X rays nra passed through thin sections of indi¬ 
vidual crystals in it direction normal or nearly normal to some im- 
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port ant. crystal face. In this war reflections from a relatively enor¬ 
mous number of different crystal planes are obteibed at one time. 
Sonic Law photographs have been prepared which show nearly u 
thousand reflections; it is very common that the number should*lie 
srttiitid three to four hundred. f)f course several of these spots muv 
btdonjr to the some crystal form, but in spite of this fact the number 
of different kinds of planes that give reflections in a single photo¬ 
graph is very large. 

In contrast- with the method, of powders the principal use of the 
tramm&irwn method lies in its application to the determination of 
the structures of crystals. A study of the Lime photographs from a 
crystal, when combined with n spectrometer determination of the 
number of molecules associated with the unit of structure, supplies 
more data for distinguishing between the various possible arrange 
merits of its atoms than does any other single met hod. Transmission 
photographs arc of particular use at the present time because the 
relatively large amount of data which (hey furnish makes it possible 
lo dispense to a large extent with (he assumptions concerning the 
reflecting powers of the atoms and the effect of spacing upon the 
intensity of reflection. As already pointed out, unless some entirely 
new procedure is devised it is only by taking advantage of the reln- 
tludy few and scattering instances where structures can he investi¬ 
gated without the help of both of these two ^laws” that direct 
progress con I hi made. It remains to he seen whether the Lime photo¬ 
graph,*, will continue to give the most usable information after the 
forms of these two “ laws” have been determined. 

Whereas the other two methods employ X rays of a single wave 
length the Lam- photographs arc obtained by the diffraction of that 
part of the radiation from an X-rny tube, which, by reason of its 
nun logy to white light, is called the 14 white radiation/’ Figure IS 
shows the Spectrum of tungsten. Spectrometer measurements make 
use of the line radiation, the charae tomtit radiation: the Lane p|n> 
tograpbs are produced by the continuous portion of much shorter 

wave lengths. This is alike an advantage and n disudvantage_a 

disadvantage because we must derifle methods of stud ring the "Lane 
photographs which will permit the determination of the wave length; 
an advantage (1) because the wide range of wave lengths that are 
available permit reflections from a large number of '"planes for a 
definite setting of tbe crystal, and (2) because the shortness of the 
ware lengths makes it possible for plftitts with very small spacing 
anti complicated indices—to give reflections that can be readily 
studied. * 

-SnlTx i.™ t l Ptatogiiph that is obtained by 
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cleaved, parallel to the cube, {100) t face.* 1 In figure 1 (p. 200) the 
pinhole beam of X myg strikesthis thin section of the crystal mounted 
at €$ most o£ it passes directly through the crystal and, forms an 
undiffraeted image of the pinholes at 0\ the rest of the rajs are 
“ reflected w by the various planer of atoms in the crystal and produce 
u group of images, each one corresponding to a crystal plane, ar¬ 
ranged dbout this central spot (Fig, 20.) 

The relative positions of the reflections from the different planes p 
uni conditioned only by the kind of symmetry which the crystal 
exhibits; the absolute positions of these spots upon the plate depend 
on die distance from Lhe crystal section to the photographic plate. 
Tho patterns from different cubic crystals* or from two other crystal* 
which have the same axkl ratios and belong to the same system of 
crystal symmetry, differ from each other then simply in the relative 
intensities of the re¬ 
flections from tho 
various planes: this, 
of course, depends 
upon the arrange* 
merit of the atoms 
within the crystal 
and upon their rela- 
t i vo u reflecting ?! 
powers. Consider 
the inflection from 
the plane contain¬ 
ing the line (7 P and 
parallel to the Y 
axis of a cubic 
crystal- (Fig. 21.) 

The intercepts of 
this plane upon the Z and X axes are in the proportion of 1:2: the 
Y intercept is infinity. Since the ratio of the intercepts of the plane 
are thus 2:**i I, its indices must by definition be 102 (% f 0 , 1 ). 
If the angle between this plane and the incident rays is 0* the re¬ 
flection will be along Cfi\ where the angle /?G0=£fl. In a similar 
fashion the position of the reflection from any plane can be deter¬ 
mined from the characteristics of symmetry of the diffracting 
crystal. Conversely, it is possible to get such characteristics as the 
axial ratio of a crystal from a study of the La tie photographs* 

"This purely geometrical problem of Identifying the reflections that 
are obtained upon the photographic plate w ith those planer that may 
I to thought of as producing them can be easily solved with the aid of 
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methods of projection fnmiliar to the crystallographer. Likewise 
the distance between like planes in terms of the indices of these 
pknes for each of die unite of structure which underlie crystals can 

tiV£ t 1 ™ / r,Jm ^ ometr,cal coamderattans alone. Furthermore 
Iiu distance from the crystal to the photographic pluto and the dis 

*"• tnm iL * *V *SvTtho angle o hstdec 

tion. Then with tlio aid of expression m it ; c * ... ,lS rtUet ‘ 
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procedure is. as we have already pointed out, that those original 
structures, upon the correctness of which the value for the wave 
length of X rays has been based, have never themselves been shown 
to be the onbj structures which are in agreement with the experi¬ 
mental data. The strong indication of correctness given to this 
value of the wave length by the fact that It fits iu so satisfactorily 
with the large amount of data that has since accumulated makes this 
objection now a more or less formal one. 

The determinations thus far made of the structure of crystals 
have bccu carried out by two distinct methods of procedure—ur 
perhaps it would be tetter to say from two different [Hunts of view. 
Most of them have followed closely the early determinations in 
searching around for some grouping of atoms which would account 
for n certain limited amount of experimental data. Tho structures 
thus obtained have been considered to represent the actual arrange¬ 
ment of the atoms within the crystal. In many eases they are the 
simplest arrangements which could be found and as such have a 
certain, bat very doubtful, degree of probably. Without excep¬ 
tion, probably, they are not, however, tho only ones which, could he 
lilted Into the existing data. 

Only a few crystals have as yet been studied, storting from the 
point of view suggested by the theory of spare groups. Following 
such a method of procedure we would most ideally make use of all 
three ways of getting diffraction effects—the spectrometer, tine 
method of powders, and the transmission (Laue) photographs. The 
first step would got a reflection spectrum from some important 
crystal face. This measurement will decide die number of chemical 
molecules (or usually the numbers, since more than one is possible 
because of the uncertainty ns to the order of the reflection) that can 
be associated with the unit underlying the crystal. With this as ti 
basis and using the results of the theory of space groups, aU of the 
ways in which tho atoms of the compound could possibly be ar¬ 
ranged can be written down. It is then a comparatively simple mat¬ 
ter to decide exactly what data are required to distinguish between 
these various possibilities and to get them by whiclievuf of the three 
methods of obtaining diffraction effects will supply them most readily. 
Even If it is impossible, with the present limited amount of infor¬ 
mation about the mechanism of the reflection of X rays, to eliminate 
all but one of these groupings, still we always have exact knowledge 
as to the status of the determination. The element, of guessing is thus 
quite definitely eliminated. 
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A Discussion OF SOilE OF TUX STRUCUliSa THUS FAR ktCTOIZdA* * 

By making the seemingly plausible assumption that chemically 
^mple compounds have their atoms in some sort of a simple or* 
raoyemcnt in space, it is possible, as wo have seen, to determine the 
erystn! structures of quite u large number of compound* It is i K r- 
u,,,s worth wlulo to consider to what results the structures obtained 
with the aid of this assumption will lead. A kuowledto of the 
tuTongeniimt of the atoms in a crystal is essential to the adequate 
treatment of a large field of problems. The crvstdlographcr who is 
eM Ke^dw ittoimg w» «*pWi,,D for ctaiv.*,, J for » ki„,i 
of tv timing, will find an acquaintance with the crystal structure in, 

I ispenmlde; the toil oner of the arrangement of the atoms in a com¬ 
pound forms a rational basis upon which to build a discussion of the 
rebtivc occurrences of crystal faces, 2 * Furthermore, the physicist 
who is interested in the structure of the atom must produce 1 a model 
which will accoimt for the structures of eiystals* TtZ ™h 
chemist may look to those same structures for inform at bn a- to 

dtiici. of the existence or nonesistenee of the chemical m„Lviii i 
for some light upon the nature of what we have aceuatomldtf 
call die valencies of the atom » Quite recently 
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mt-try* * and (2) the more important cubic face-centered arrangement, 
which is nearly as dose u grouping, {Fig. S2.) Aluminum^ silver, 
thorium, lead, copper, calcium, indium, palladium, and iridium arc 
Among the dements which have been shown to hare this cubic close- 
packed grouping. Zine, =a cadmium, ruthenium^ and magnesium, 
un the other hand, approach to the hexagonal closest packing. 
Several dements, however, such si* iwmf* chromium, titanium* 
apdium, tantalum, ami tungsten, crystallize in the less dense body* 
< entered grouping. (Fig. 2:i) Nickel 1 ! appears to be sometimes 
body-centered and sometimes face-centered. In attempting to de¬ 
duce from these 
structures any in¬ 
formation cun- 
eerning either the 
bonding forces be¬ 
tween the atoms 
or the structures 
of t-h e atoms 
themselves it must 
be home in mind 
that there is al¬ 
ways the possi¬ 
bility in a meiul 
of one or more 
electrons function- 
|ng as * silent 
(so far as X rays 
are concerned) 
partners” in the 
arrangement* For 
this reason the 
metals* though the 
simplest of compounds, are of all simple compounds perhaps the 
most dangerous as buses for further deductions. 

f 'ofuptmnd# of the type AE < —Several < < impounds of the type AH+ 
where A is a metal atom and B is an electronegative Itom, have been 
studied* Alt of the alkuli halides have the w sodium chloride ur- 
ran gem out ,+ (fig. 22) wherein each atom has six atoms of the oppo¬ 
site ktnd equally near to it. The divalent metal oxides* magnesium 

* A, w. FI nil , Fbjm. 10. Ml. 1017 : BcIihr, E2, 227, 1D30, P. Sc-hPirer* Flay*. Z. t 
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amj cftkiuiu, cadmium otul nickel raided 1 all have this same struc- 

itu O o ture - (k*d 

sulphide) exhibit 
the same grouping* 
Zinc blende (zinc 
sulphide), on the 
oilier Itiiiii.!, hits a 
different structure. 
(IV St) In this 
each zinc atom 
h surrounded by 
four equally dis¬ 
tant sulphur atoms, 
while each sulphur 
atom has about it 
four zinc atoms* 
Zinc oxide exhibits 
a still different 
f£™*pirig of atoms, 
hut again each zinc 
atom is s ii rrn muled 

atdma. wfaUo web oxygon atom bus about* 

mi uni sulphide and ^ aa " 

wurzite (hexagonal 
zinc sulphide) have 
the same atomic ar¬ 
rangement m zinc 
oxide.* 3 

The iiiimedintc 
conclusion to be 
drawn from theso 
structures is that 
there b Uo unique 
connect ion between 
the arrangemejifof 
tlie atoms compon- 
ing them and their 
chemical valencies. 

A qualitative ex~ 
plan at ion of the 
structures of these 

compounds is ne vertheless possible. From ntiier evidence it has 
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seumeH probable that the el to ms in crystals of potassium chloride end 
related compounds are electrically charged. Upon this basis, Lhen, 
the alkali halides appear us aggregates of equal numbers of positively 
und negatively charged atoms, \\7icn the atoms ato doubly charged, 
ns is presum ably the case with magnesium or calrium oxide, for in¬ 
stance, the distance between the atoms is much less than between those 
of the alkali halides, f 'nk ium carbonate und the divalent carluamtea 
iHomorphoua with it (MnCO ir FeCO„ etc.) have the same structures 
if the carbonate groups are substituted for the electronegative atom " 
Tile large CO, group may be thought of as squeezing out the sides 
of the cube till it has the form of ait obtuse rim m boh m Iron. Simi¬ 
larly ctcsiuui didiloroiodide (CsICJa) has the same artungemeut lls 



iy. The fijrilp arrangioiflcflti Tt|£ bllWfc mtSphur atom* aft w ppwped bJadb' ih-r 
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ccesiniij ctloride if tilt group of atoms I Cl* * * is substi t lj ted for chlorine. 
In this instance the ICJ* atoms are all strung along the body 
diagonal so that it may be imagined as distorted from a cube to an 
acute rhombohedron/ 1 

Other aimph: c&mg>outuIs .—-A number of other simple compounds 
Lmve been studied with a considerable degree of care* If carbon 
atoms are placed at the posit inns occupied by both £ine and sulphur 
nturns in zinc blende* we obtain the arrangement of the atoms in the 
diamond A” 1 (Fig 1 * 24.) Tn pyrites each sulphur atom is surrounded 
by- four equally distant atoms arid each iron atom by six atoms/ 4 
(f ig- 2lh) In cuprous oxide each copper atom is equally near to two 
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oxy&fi atoms, while each oxygen atom has about it four copper 
atoms. ' Magnetite. ns a typical spinel, has b eerj studio,! with great 
care, ami in spite of its rather complicated chemlc.il composition its 
structure is m all prubsihSlity tJ ]a t given in figure 26.** In this cu$‘ 
each dtvuicut metal is surrounded by four and each tmalenl metal 

\? I". tllbt f * Qtmils - fn Of these cares it is to be noted 

Unit the number of the nearest atoms to any atom is uhvavs either 
e,(ual to its chemical valence or is twice that number. The consUat 
recurrence of this relation suggests that it may ho other than purely 
an affair of chance I-udhermore, a consideration of the sorts of 
chemical bonding which are conceivable on the busk of ,>nr present 
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point to the existence of certain especially stable configurations of 
electrons in atoms* For instance* sodium with one more and mag¬ 
nesium with two more electrons than neon readily lost? one find two 
electrons, respectively* in becoming positive sodium and magnesium 
ions. Furthermore, os the gb&ronegat ive elements ttre approached 
a strong tendency becomes evident to add on enough electrotis be¬ 
yond the number required for atomic neutrality to complete the nest 
stable arrangement. Xf one iff the atoms of a compound is highly 
electropositive and another strongly electronegative, the latter may 
be abb to extract as a result of this tendency electrons from the 
positive atom ^ the compound in the solid state thus becomes, as we 
luive supposed to he the ease with the alkali 1ml ides, an aggregate 
of an equal number of positive and negative t; ions* Such a union 
has been called a polar bonding. If. however, the combining atoms 
are bo Hi either strongly electronegative or are to he found among 
the elements of an Amphoteric and less pronounced electrical char¬ 
acter, then each atom will strive, without complete success* to abstract 
electrons from the other in order to complete its especially stable 
group. The electrons thus held In common by two atoms form a 
second sort of bonding—the talonop bonding* Since a complete, 
valence unit (in the old chemical sense) consists both of the tendency 
of one atom to acquire an electron from another and the tend one v 
of some other atom to tube one of this same atoufs electrons* the 
number of elect rons in combination with any particular atom may 
lie tw r ice as great as its chemical valence- Such valency bondings 
must bo supposed to lie operative Iietween the atoms in those com¬ 
pounds of the sort dWussed which are not of the sodium chloride 
type. This explanation accords well with the natures of such com¬ 
pounds as the diamond and carborundum, and accounts in it satis¬ 
factory manner for the unions between the chlorine atoms in chlorine 
gas or for the bonding between carbon anil oxygen In the carbonate 
group. It is surprising^ however* to find same metals, as zinc anil 
copper (in zinc sulphide and cuprite), appear to exhibit the same 
sort of union in some of their compounds. It should 1m? pointed out 
that the only metals for which this rule fits, iron* rinr* and the like* 
arc without exception atoms In the center of a long period of the 
periodic table. About the arrangement of the outside electrons of 
these atoms nothing is known at present. Of course, it may be 
argued that w t g are dealing with only chance agreements with a rule, 
but it must be remembered that such structures as Kind sulphide de¬ 
part so far from being closely packed airnngeiaents of atoms that 
some sort of directionnl character to the forces of combination be¬ 
tween lheir atoms seems necessary in order to account for their ex¬ 
istence as stable groupings, 
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DOCTOR ASTON’S EXPERIMENTS ON THE MASS 
SPECTRA OF THE CHEMICAL ELEMENTS. 


With introduction bj C. Aiirot. 


[WEih 1 jitatix] 

In his paper, K The problem of radioactive lead ,” * 1 Dr + T, W. nich- 
an If alia wed that there exist well-marked differences between the 
atomic weights of lead from different sources, To every chemical 
and optical test other than the atomic weights and closely related 
properties the samples are indistinguishable* and* when mixed, in- 
separable* The recent beautiful experiments of Or, F\ W r Aston, 
of the T T mvflflsity of Cambridge* throw a dear light on this matter 
and show that many others of the chemical elements contain com¬ 
ponents of different atomic weights. These are identical in all 
chemical and optical propertied, so that the Severn! varieties are 
indistinguishable and inseparable by ordinary means, 

Tn order to dearly' grasp the profound significant of the*? results 
and to appreciate the ingenuity which has brought them to tight it 
will l*e well to review si variety of phenomena f>pfiirn giving Doctor 
Aston's observatloate in his own words. 

It is but ei few years since a chomicnl element was defined as n sub¬ 
stance which cuts, not be decomposed into unlike component^ and an 
atom as Ihc smallest particJo of such a substance- White the atoms 
could neither be seen nor isolated, their relative weights in different 
elements were known by noting the proportions in which the elements 
combine. Thus Mbrley, in his classical investigation,' determined 
the relative atomic weights of oxygen and hydrogen at iOAMO ami 
1,0076, 

So many of the atomic weights an? exact whole number? that a 
suspicion wus entertained by many chemists of the nineteenth century 
that all atomic weights would be integers if correct determinations of 
them could be obtained. Doctor RiclinrcFs classical work made this 
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hypothesis untenable. Chlorine, for instance, baa the atomic weight 
35*4® and can not la; forced to take an integral value. 

Renders of the Smithsonian Reports of LOIR 1015, ami 1014 mav 
recall in the articles of Millikan. Rutherford, and Eve references to 
the inspiring discovery of the so-called 11 atomic number* " bv Mose¬ 
ley, whose brief life of brilliant promise was lost in the ill-fated 
Bniifh expedition to the Dardanelles. Moseley found that the X-rov 
spectra of the elements had a regular periodicity expresjiblc bv the 
integral numiiers progressing by unit steps from clement to element 
nearly in the order of their increasing atomic weights. Certain gaiis 
in the Moseley atomic numbers indicate the existence of a few de 
meats hitherto undiscovered. Thus the irritating deviations from 
integers of the a omm wmght values gave place to a beautiful round- 
ness in the Moseley system of X-ray spectrum atomic numbers 
iiy this time it had Iwonie impossible to define nn element as a 
^stance incapable of disintcgralion, for not long after the discovery 
of radium several - dement^ including uranium, radium, u„d othe^ 
f™nd to be continuously disintegrating with th© evolution of 
heat. One product of this degradation was tn . . r , 

another the irn-tal lead. Thus does nature solve tlie alchemist’s” Sb- 
" \transmutrfinn of the dements. BnJ her 

modify the final products * ^ ^ 40 * CCekrato > or 

ppn's di^rer, of L X r.r.TSsTSLf";. 1 " .««"*- 

SmifliMuao Bmort for 1S97, a iWl of !• ' , '- v , llm 1,1 

rcUfian to the phenomena of the electric W® 1 ^ ln 

l! will be convenient to recall the terms uw'hv Yh t,l,jes - 

cssential parts of the apparatus used in this work **“ 

tallm conductors inserted through the glass ; n „ tlu j f w « me - 
W»t the negative i 5 called the -cathode^ the n ' h * har ®' 

ode.” When under the force of tl. IZ Y . 7, f™' 1 ™ the 
tiudy charged particles move through the highly ^IT V* ^ 
ward the cathode, they, upon striking it. eai if f f 

m &* to f the so-called - cathode revs * T f fhT fi ^ 

perforated, part of the stream mjlv pas , thrmYd, »i !, ultl,otle <* 

mg luminosity behind the cathode and formin' & ^ plTH,Ue 

“conal-gtrahlen" or «pHisitj^c raj*/ ^ tlie “-«Hed 

It now appears that the cathode i*™ nr* ^ *- , 
bodies called ions or electrons, havin/^jusra?" ( ? y * har && 
amlrl, p.K of fbnf „ f „„ „„„„ or h J ta!Srtal^,?3 1 .* 
are composed of positively charged 'partied Z ? T **?* 
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values. Since both (lie cathode rays and i lie positive rays 'are 
streams of separata! electric- charges, they may Ik? deflected bv sub¬ 
jecting them to the inihieiu-e either of an electric field or a magnetic 
field. In nil uniform magnetic field, at right angles to their path, 
the cathode tuvs move on the arc of a circle so that the plane defined 
by the original nil' and the magnetically deviated one is at right 
angles to tho lines of magnetic force. A somewhat similar devia¬ 
tion may lx? brought, about by un electrostatic, field produced hv 
two me ml plates parallel to tin- magnetic field and to the original 
cathode ray. one plate above the otlirr beneath the beam, and main¬ 
tained ui n suitable difference of electrical potential. 

To deflect equally the positive rays requires very much stronger 
magnetic or electric fields than suffice for cathode rajs. For the 
masses of (he electrified particles in the positive rays are thousands 
of times greater than the musses of the negative iom which compose 
the cathode rays. 

As the result of investigations of the last 25 years of vacuum- 
tube phenomena, radioactive substances, and in other related 
branches of inquiry (see ihe papers of Millikan, Rutherford, and 
Eve above cited), a rapidly penetrating and clarifying view of 
the structure of the atom and its relations to electrical and chemi¬ 
cal phenomena has come about. Progress is so rapid that what was 
written 10 or even u Tears ago no longer quite fits sit of the oliser- 
i at ions, and what T nm about to write will doubtless not long be a 
fully representative statement. Even, now Doctor Langmuir's views 
are not harmonised to it. At the present, however, to meet the re¬ 
quirements of the physicists 1 observations one may view an atom as 
having a central nucleus whose muss comprises almost the whole 
mass of the atom, hut whose volume is perhaps ns small, compared 
to the whole volume of the atom, ti s that of the sun is to the solar 
system. Outside the nucleus, in one or several orbits comparable 
to the orbits of the planets, revolve the negative electrons or ions. 
The number of outside ions which an atom holds is equal lo the 
More ley atomic number. Some negative ions may also Ije agglomer¬ 
ated in t]n» nucleus. But the main mass of the nucleus is composed 
of the so-called positive particles. Of these the hydrogen atom has 
one, and heavier atoms a plurality. This agglomeration which we 
call the nucleus has a positive charge equal tn the sum of the nega¬ 
tive charges of the outlying ions. ’When under the influence of an 
electric field one of the outlying ions may be knocked off anti pro¬ 
ceeds toward the anode, while the remainder of the atom proceeds 
toward the cathode, A molecule comprising two or more atoms, 
such as hydrochloric acid (HCl) or carbonic ucid (COA, is a still 
4280S*— 22 -IB 
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further complicated system with several nuclei and many cm H y pig 
orbits. According to Asfcpttfs work. us we shall see, such a system 
also may lose a single negative ion, and the remainder take part in 
» positive i ay by virtue of its resulting excess of one positive unit 
of electricity. 

The chemical and optical properties of atoms are thus supposed 
to be governed by tbc number and arrangement of their outlying 
ions, but their gravitational properties inhere almost wholly in their 
nuclei. In atoms of a considerable number of outer ions, nuclei may 
Ik: built up in different ways of different numbers of positive par¬ 
ticles, and vet present the necessary number of free positive charges 
to neutralize the equal groups of outer ions. Thus there may be 
atom*of identical chemical and optical properties but different atomic 
weights. Such atoms are called isotopes.” 

In this view It is evident that the isotopes arc to be separated only 
by methods which react differently depending on the masses of the 
nuclei. One such is the method of diffusion. Naturally jf some 
molecules of a gas are heavier titan others they will tend to diffuse 
through a narrow orifice at different rates. By collecting the slower 
moving fractions several thousand times, the heavier molecules can 
be part tally separated from the lighter ones. In this way a partial 
separation of the gas neon into two fractions, differing somewhat in 
their atomic weight, was accomplished in 1M& in Sir ,f. J. Thom* 
8on*s laboratory. Doctor Aston lias, however, perfected a method of 
separating isotopes baaed on the deflections of the positive rays in 
the electric and magnetic fields, which has led to the most beautiful 
results. 

To understand his method, it should on recalled that there are 
three quantities involved besides the strength of the electric and 
magnetic fields. These are the mass (m) r the electric charge (e), 
and the velocity (rf of each positive particle taking partem the 
positive ray which is being experimented upon. T h general the 
values of the electric charge (<?) are equal. That is, each particle 
carries one electronic unit excess of positive charge equal but op¬ 
posite in sign to the negative charge which is carried hy the ion 
which is knocked off by the electric field in the vacuum tube I sav 
-in general ” btt twoor three electronic units of race* positive 
charge are possible. The electric charges being, then, morally 
equal. Doctor Aston's problem was to eliminate the variable velocity 
from the observation by combined influences of electric and magnetic 
fields, so as to be free to observe differences of mass of the several 
atoms composing a single gas. W« will now let Doctor Eton's 

n It 1 UL' i kt*j 1 l_- tdilT C ► it ^ *i' 
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theoisv of ttte mass specteog hapil 1 

Positive rays obtained from an ordinary- discharge bulb vary both 
m mass and velocity. An electric field trill spread them into an 

«electric spectrum* vrith deflections proportional to ~- t a mag¬ 
netic field will spread them into a “magnetic spectrum” with de¬ 
flections proportional to — , • • * 

The concentration of the stream of positive rays down the axis 
of the discharge bulb is very marked, but there is good evidence for 
assuming that the intense part of the stream occupies a fairly con¬ 
siderable solid angle. This suggests the possibility of an increase of 



Fia. I,—'Ttertrr wf tht- juiKri np^rro«c0|HL 


intensity by means pf n device which should select the rajs aimed at 
n particular spot on the plate whatever direction they come from, 

C learly tb& simplest way of increasing I he intensity of the spot 
without increasing its dimeniiofis t at any rate in one direction* is to 
in=e two parallel straight dits* * * m 

or racmuw iTOixms rats> 

Hie very great accuracy attained in the spectrometry of light 
depends largely on the fact that a cimsidentble solid angle of diver¬ 
gent rays from a point source ran be brought to a point image by 
meim-s of n lens* It Is of importance to inquire if any such con¬ 
vergence cun be applied to rays of charged particles by any electric 
or magnetic device. * * * 


*£ltr*r1cd from " A pojiitlve ny ■Peclc*rmpb 1 M fLllC-cpblciJ M ac&m^ and Jens real at 
Sdfn«, Dfflunlwf, 101tf, pp. 707-714. 
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This is done in the present apparatus us diagrommatically indi- 
eiiietj id figure 1. The rays after arriving ut the cathode face pass 
through two very narrow parallel slits of special construction S,S,, 
anti the resulting thin tibbon is spread out into ail electric spectrum 
by means of the parallel plates P ( . P t . After emerging from tb» 
electric field the rays may bo taken, to a firit order of approximation 
as radiating from a virtual source Z halfway through the field on 
the line S,S,. A group of these rays is now selected by means of the 
stop or diaphragm D. and allowed to pass between the parallel poles 
of a magnet. For mmplictty the poles tiro taken ns circular, the field 
between them uniform and of such sign as to bend the rats in the 
opposite direction to llie foregoing duTtric Held. 

If & and * be the angles ■ (taken algebraically) through whi£h the 
elected beam of rays is bent by passing through fields of strength 
A one! H.., men ° 

*-»£«>, and ^r«iH^(2) p 

where/, L p the lengths of the paths of the rays in the fields. 
Equation ( ) la only true for snail angles, but exact enough for 
practice, f follows that ever the small range nf e selected by the 
diaphragm Be* and ** ore constant for nil rays of given a/m, theroforo 


W, n .SaSv 
j+—~ 0 ,nnd 


so that 


& 2&<j> 

*"T‘ 


when the velocity varies in a group of rays of given c/m 
In orclor In illuttmt. in ft, rimpfat p^ju, , vav 
tion may be used to obtain focusing, let liS suonost thT... f 
flgge luted in the diagram) small and tbe g rf , j£®* 

concentrated at the center O of the pole niecef Tf h . V ^ if 
«• poop nkrtod n il, bn npn»d a,Al ^Min'To ?>7* 
a farther distance r the breadth will be ' * * nm at 

«. + K*m, M4 ,[6 + ^ + *)j „ 

tit.v (3) will .ini* nt 5*5^ib y * >2, ‘' «“ W 

i-(^2B')=5.20' 1 

tEX*?" lor ta* cir . 


• In Uw SfUT* lhr«- ml* aw arvitljr MlWrnlttd for dMrntJs 
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Referred to axes OX, OY, the focus is at r cos (£—29'), r sin 

—20'J, or r, b„20'; so that to u first-order approximation, wlmt- 
ever the fields, so long as the position of the diaphragm is fixed, 
tiie foci wiU all lie on the straight line ZF drawn through Z 
parallel to OX. For purposes of construction (i the image of Z iu 
OY is a convenient reference point, # being here equal to 46. It 
is clear that a photographic plate, indicated by the thick line, will 
be in fair focus for values of e/m over a range large enough for 
accurate comparison of musses. 

The arrangement, which has u distinct resemblance to the ordi¬ 
nary quartz spectrograph, gives very complete contruL The field 
Let ween the plates cau be adjusted to allow the brightest part of the 
electric spectrum tv* be used which, as has been shown, is in general 
the same for all normal rays under steady discharge, and the values 
of e/m can be compared very accurately from the positions of their 
lines relative to those of standard elements which cun bo brought 
to any desired position on the plate by varying the magnetic field 
strength. 

CONSTRUCTIOS' OF TBK MASK SPECTROGRAPH. 

TDK BUTS, 

3 he very fine slits used in thin apparatus were made with com¬ 
parative case, as follows: A cylinder of pure aluminium about It) 
Millimeters long by 5 millimeters wide is carefully bored with a 
hole 1 millimeter diameter. The resulting thick-walled tube is then 
cleaned and crushed with n hummer on on anvil until the circular 
hole becomes a slit about 8 millimeters wide. Continuation of this 
treatment would result in a slit ns fine as required, giving the maxi¬ 
mum resistance to the passage of gas, but its great depth would make 
the lining up of a pair a matter of extreme difficulty. The crushed 
tube is therefore now placed between two V-shaped pieces of steel 
and further crushed between the points of the V’s at about its middle 
point until the required fineness is attained. Practice shows that the 
liest way of doing this is to crush until the walls just touch, and then 
to open the slit to the required width by judicious tapping at right 
angles to that previously employed. With a little care it is possible 
to make slits with beauti fully parallel sides to almost any degree of 
fineness, 0.01 millimeter being easily attainable. At this stage the 
irregularly dm pod piece of aluminium is not suited to accurate gas- 
tight fitting: it is therefore filled with hard paraffin to protect it from 
small particles of metal, etc., which, if entering, ran not he dislodged 
owing to its shape, and turned up taper to fit the standard mountings. 
These in the present apparatus are taper holes in the back of the 
cathode and in a corresponding brass plug at the ends of a wide tube 
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ITJZZT* mm h,rM * “ -dr % 

THE DISCjJAKflK TCnE.* 

1 FiS T t 2 i e,*. ro " sl * ***■”■ •* *>» pramt omngwmt T h. <&. 

A - S *? ? '? X r “>- Mb »in .JiiV^ 

Hid anode A of aluminium wire 3 millimeters |hic-k «iifTnW»i 

concentrically by nn insulated aluminium tube 7 millimeters vide to 
pmtwt the glass walls, as in the Lodge valve. *’ d ® to 

-sr ' 



-BSJjrranl of «* 

llie aluminium cathode C 25 

? centimeters radii* of curvature, and Tn^ 7 l*t “ COnc:ave - "bout 
btilli. this shape and position having been ! T f f *? tIlC nwI< of th( -‘ 
ImniHiry research. In 0nJ( , r t) _ f "dopta* offer a short pre- 

^ L,ch " oul d be immediately melted bv lb ‘ >I>P “ Slto 411111 of *0 tralb, 
Of cathode rays, a silica bulb [> M L t 19 "5 ron «*t™M beam 

ro0BnM -*■ - * **»; 

m n» 



dUj'hir^i 


——tabt V’ 

^ i ^ lo ^ SSor Ifadmiftpy aril } l. * ,. 

^V"® *?■ ““ portion of , “ i '■'«*(» . 


a s:rr^ -s 

actuated by a mercury roal-c as }' k , ” f ft Iaf ^ induction coi 

p r -d through the pHmarv.^J Urn 0t 100 to 150 W « 
*** l^Uiompe^ nt pitetitiall J J''' J^™^ 1 to take f r o n 
volts, Owing to the particular shape and tit”* 1 20,000 so .««0r 

^pecmlly tbo* of the anode, ^ ** el **"*te 

rcebfier. bnlh acts perfect^ te itfi ^ 

1 Eitn ctr<[ ffetn *n lf mB „ — - - 
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Ihc method of mounting the oothodo will k* rtadilv soon from 
figure which shows part of the apparatus in greater detail. The 
neck of the bulb Is ground off short and cemented with was to the 
flat brass collar E, which forms the mouth of an annular space be¬ 
tween u wide outer tube F and the inner tube carrying the cathode. 
The concentric position of the neck » assured by three small ears of 
brass, nut shown. The wax joint is kept coo} by circulating water 
through the copper pipe shown in section at G, 

The gas to be analyzed is admitted from the customary fine leak 
into tile u mu due space and. so to the discharge tube by means of the side 
tube attached to F, shown In dotted section at Q. Exhaustion is 
performed by a Gaede mercury pump through a similar tula- on the 
opposite side. The reason for this arrangement is that the space 
behind the cathode is the only part of the discharge hulb in which 
the gas is not raised to an extremely high potential. If the inlet or 
outlet is anywhere in front of the cathode, failing special guards, 
the discharge is certain to strike to the pump or the gas reservoir. 
Such special guards have been made in the past by means of dummy 
cathodes in the bore of the tulxrs, but, notwithstanding the fact that 
the gus Can only reach the bulb by diffusion, the present arrangement 
is fur more satisfactory and bos the additional advantage of enabling 
the bulb to be dismounted by breaking one joint only, 

TUE HUT HTWTEM. 

The center of the cathode k pierced with a S-millimeter hide, the 
hick of which k coned out to Jit one of the standard slits, S,* The 
back of the cathode is turned a gas-tight fit in the brass tube *2 centi- 
imtM-z diameter carrying U, the other end of which bears the braes plug 
H ; which is also caned and fitted with the second slit, S** The two 
slik t which are 0.05 millimeter wide by 2 millinn&ters long, can be 
accurately adjusted pur ad el by means of their diffraction patterns. 
The spn.LT between the slits, which are about 10 centimeters apart, 
is kept exhausted to the Highest degree by the charcoal tube By 
this arrangement It will lx? seen that not only is loss of rays by rol- 
lisiou and neutralisation reduced tn u minimum, hut any serious 
leak of gas front the bulb to the camera is eliminated altogether* 

THE ELECTRIC fTBUk 

Die spreading of the heterogeneous ribbon of rays formed by the 
slits into an electric spectrum takes place between two parallel flat 
brass surfaces, J-* 5 centimeters long, held 2*8 millimeters apart 
by glass distance pieces* the whole system being wedged immovably 
in the brass containing tube in the position shown. The lower sur- 
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fucc is cut from a solid cylinder fitting the tube and connected to it 
imd earth. The upper surface is a thick brass plate, which can be 
raised to the desired potential by means of a set of small storage 
cells. In order to have the plates au near together as possible, they 
are sloped at 1 in 20-1. c„ half the angle of slope of the mean ray 
of the part of the spectrum which is to be selected bv the dia¬ 
phragms. Of these there are two: One, K t , an oblong ui^rture in « 
-dean bra* plate, is Used just in front of the second movable one, 
h ; . winch is mounted m the bore of a carefully ground stopcock L, 
Hu* 11 Inchon of the fir* diaphragm is to prevent any possibility of 
charged rays striking the greasy surface of the plug of die stopcock 
when the letter is m any working position. The variable diaphragm 
“ m e(Tpt t **? “I^rturea sliding past each other as the plugof 

■ he stopcock is turned, the fact that they are not in the ,amo pLe 

£* n!r aDt ; ™ ie " thp ****** *■ *% open as sketch*! in 
'S’ L 1 ,L p ra r® pacing is a maximum and may be stopped 
tbwn to any desmd extent by rotation of the ping, becoming Wo 
before any greasy surface is exposed to the rays. Incidentally the 
!?t»peOrk senes another and veiy convenient use, which is to cut off 
Uic camera from the discharge tube, so that the latter need not i* 
died with air each time the former is opened to change the plate. 

THE ATAamrac F1£1*D. 

After leaving the diaphragms the rays pass between the pole pieces 
U of a large DuBoi* magnet of 2,500 toms. The faces ofthJe are 
circular. 8 «*«*» diameter, and held 3 millimeter, »Z hy 

w™*■.» a w. S^pStSMitL'T" ?• 

arewal bolts into the arms of the magnetfand so fom ' by 
of great vfmght and rigidity sinci m-ovid^ ^ I - ? * atfucturB 

for the whole apparatus, Cirireut for tt ^ foUndfltif > n 
special set of large accumulators. The hydreSn^,^ roTwi l * d !iy il 
onto the plate at about 03 ampere, and n.Mn . ? brou " 1,t 

^hidi gives pradiea] saturation, only just Irin^bTsin I at [ ipereS l 1 
nn-ivury lines into view. The tiacklrfL h nraStoSV vhBr ^ 

6dd " f the mi ^ lct by *• «>ft iron plated, 1Xwin 

T1!R CAMERA. 

rSrr®?^ «,* “it e " j 

‘■1MB be ijoId picees. The eoaitnetjop „f tll „ „ „ *°. «*■ 
teled by the *b vta. ip flgpr, # „ eu<l ^X^'. 
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The rays, alter being magnets chilly deflected, pass between two ver¬ 
tical braes pbites, Z Z 7 about 3 millimeters apart, anil finally reach 
the photographic plate through n narrow slot £ millimeters wide. 
11-8 centimeters long, cut in the horisunt&i metul plate } X X- The 
three brass plates forming * T-shaped girder are adjusted and locked 
in position by m set of three leveling screws nt each end; the right- 
hand upper one is omitted in figure 4 The plates, Z Z, serve to pro¬ 
tect the rays completely from any stray electric Said, even that 
caused by the photographic plate itself becoming charged, mi til 
within a few millimeters of their point of impact. 

The photographic plate W, which is a 2-centimeter strip cut 
length wise from a S by I plate, is supported at its ends on two 
narrow transverse rails which raise it just clear of the plate* X X. 
Normally it lies to the right of the slat 
as indicated, and to make an exposure it 
is moved parallel to itsdf over the slot 
by means of a sort of double lazy tongs 
carrying wire claws, which bracket the 
ends of the plate as shown. This mecha¬ 
nism* which is not shown in detail, is op¬ 
erated by means of a torque rod V work¬ 
ing through a ground glass joint., Y h a 
small wnltcmite screen. 

The adjustment of the plate holder so 
that the sensitized surface should be at 
the best focal plane wus done by taking 
a scries of exposures of the bright hy¬ 
drogen lines with different magnetic fields, on a large plate placed 
in the empty mmeni tit a small Inclination to the vertical. On de¬ 
veloping this the actual track of the rays could be seen and the locus 
of points of maximum concentration determined* The final adjust¬ 
ment was made by trial and error and was exceedingly tedious, as 
air bad to be admitted and n new" plate inserted after each tentative 
small alteration of the leveling screws. 

EXPERIMENTAL PRCXTEDUHEL 

The piute having been dried in a high vacuum over night, the whole 
apparatus? le exhausted as completely as possible by the pump* with 
the stopcock L open* I, and I. are then cut off from lb a pump by 
stopcocks and immersed in liquid air for an hour or so. The electric 
field, which may range from 200 to 500 volts, is then applied and a 
small current passed through the magnet sufficient to bring the 
bright hydrogen molecule spot onto the wilkmito screen Y t where 
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it can be inspected through the pUte-ghra back of the cap P. In the 
meantime the leak, [jump, and coil have all been started to get the 
bnlb into the desired state. 

As soon as this k obtained and has become steady, d, is earthed to 
prevent any rays reaching the camera when the plate is moved over 
the slot to its first position, which is Judged by inspection through P 
with a noimctmk Jump, The magnet current haring set to the 
particular value desired and the diaphragm adjusted, the coij is 
momentarily interrupted while .T, k raised to the desired potential, 
after which the exposure starts. During this, preferably both at the 
loginning and the end, light from a lamp T is admitted for a few sec¬ 
onds down the tul* R (fig. 2), the ends of which are pierced with two 
tiny circular holes. The lower hole is very close to the plate, so that 
a circular dot or register spot is formed from which the measure- 
ments of the lines may be made* 

The exposures may range from SO seconds in the case of hydrogen 
lines to SO minutes or more. ir» minutes being usually enough. As 
soon us it is complete the above procedure is repented, and the plate 
moved into the second position. In this way as many as six spectra 
«m W taken on one plate, after which L is shut, I s warmed up, and air 
admitted to the camera. The cap P, which is on a ground joint, can 
now be removed and the exposed plate seized and taken out with a 
S]»eeial pair of forceps. A fresh plate is now immediately put in, P 
replaced, and the camera again exhausted, in which state it is left till 
the next operation. * * * The accuracy claimed for the in*tru- 
ment is about one part in a thousand. 


ORDER OP RESULTS £ND NOMENCLATURE. 

The various elements studied will be considered as far as possible in 
the order in which the experiments were performed. This order is 
of considerable importance, ns in most cases it was impossible to 
eliminate any dement used iwfore the following one was introduced. 
Evacuation and washing have little die.*, as the gases appear to get 
embedded in the surface of the discharge bulb and are only cleared 
very gradually by subsequent discharge. 

The problem of nomenclature became serious when the very com¬ 
plex nature of toe heavy elements was apparent. After several do*. 
stole systems had been dismissed it was decided, for the present, to 
adopt the rather clumsy but definite and elastic one of usin- the 
chemical symbol of the mixed element with un index eomsimndin* 

.nrv * ' Nl? ‘, Kr < ‘ . Tllls ia reasonable bv the 

fa,t that the reuses of constituents of mixed elements have <dl so 
fiir proved whole numbers on the* scale used. 

In cares of particles carrying more than one charge it will he con- 
Muiient to borrow the nomenclature of optics and refer to the lines 
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given by singly, doubly, and multiply charged particles, respectively, 
ns lines of the first, second, and higher orders. Thus the molecule 
of oxygen gives a first order line at Z2 t and its atom first and second 
order lines at 1G and 8. 

The empirical rule that molecules only give first-order lines (J. J* 
M homson, Hays of Positive Electricity! p. ~4) is very useftil in help¬ 
ing to different nite between elementary atoms and compound mole¬ 
cules of the same mass, Some very recent results give indications 
that in certain exceptional cases it may break down„ so that infemiCfis 
made fmm it must not lie taken as being absolutely conclusive. 

OXVQKN - AT* TVT* 111,001 AND CABIU1N [AT. \VT. E^JnJk 

On a mass spectrum all measurements arc relative, and m any 
known element could fie taken as a standard# Oxygen is naturally 
selected, Its molecule, singly-charged atom, and doubly-charged 
atom give reference 3Inns at 32, 16, and S, respectively. The ex¬ 
tremely exact integral relation, between the atomic weights of oxygen 
and carbon is itself strong evidence that both are u pure M elements, 
and so far no evidence appears to have arisen to throw any doubt on 
this point. Direct comparison of the V lino (12) and the CO line 
{23} willi the above standards shows that the expected whole number 
relation and additive law hold to the limit of accuracy, i. e., one 
part in a thousand; and this prorides standards C 1 ' (G), C (12)* CO 
(28), and CO = (441. In a similar manner, hydrocarbons give the 
C t and C. groups already mentioned (Phil Ma^., April, 1920, pp, 452, 
453} no that a fairly complete scale of reference is immediately 
available, 

NEON (AT. WT. 20 20), 

The results obtained with this gas have already been fully dealt 
with (Phil Mag.* April, U2ft. p. 410}* It lias been shown to con¬ 
sist of two isotopes of mn,^ 20 and 22„ respectively, with the faint 
possibility of a third of mass Si. Spectrum I on plate 1 shows 
the singly charged lines of neon, to the left of the C. group. It h 
reproduced here to show the condition of the discharge tube im¬ 
mediately before compounds of chlorine were introduced. 

CHUOniNE i AT* \VT, SG.40), 

Spectra, indicating that this element was a mixture of isotopes* 
were first obtained by the use of hydrochloric acid iras, but a< this 
was objectionable, on account of its action on mercury, phosgene 
(COCL) was substituted- Spectra II, III, and IV arc reproduced 
from one of the plates taken with this gas, It will be seen that 
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chlorine is characterized by the appear since of four very definite 
lines in the previously unoccupied space to the right of O a (32) i 
Measurement shows these lines to correspond exactly to mosses 35, 3G, 
3?, and 33. 2 here is no indiaaiion whatever of a tine at it point iw* 
responding with the accepted atomic wetyht of 35.46, On Spectrum 
Tl, taken with a small magnetic field, faint lines will be seen at 17.5 
and 1S.5. These only appeared when chlorine wan introduced, and 
are certainly second-order lines corresponding to 35 and 37, Those 
figures seem to leave nu possible escape from the conclusion that 
chioiina is a mixture of isotopes and that two of these have masses 
35 and 37. It might l>e argued that 36 and 38 are also element ary 
lines, and at present there is no evideuce to deny this, but it Is much 
more probable that they are the hydrochloric acids HCL** and 
HQ", The line 18 is no indication of an element 36, as it is doubt¬ 
less due to OH a . Corroborative evidence that Cl 1{ and Cl ,T are the 
main, if not the only, constituents is given by the strong lines GH 
and 65 (Spectrum IV), probably due to COCl ,B and C0C1 ,T . If 
chemical atomic weight is regarded as a statistical average, any lines 
due to Cl* p or Its compound;, should be considerably stronger than 
the corresponding one duo to Cl”. This is actually found to be the 
cose. In all spectra taken with chlorine present a faint line is 
distinguishable, corraeponding to 3&. It is just possible that tills is 
u third Isotope. 

The unquestionable accuracy of its combining weight on the one 
hand, and the striking whole-number masses given on Its mass 
spectra by its individual particles on the other, leave little doubt 
that chlorine h a mixed element; but much critical work will be 
necessary before Its constituents and their relative proportions arc 
derided with certainty, 

. arson (at. wt. 3&>.sa hahsav, aa.fli uEnucj. 

At (he close of the experiments with phosgene the discharge tube 
broke down and had to be cleaned and partially rebuilt, so that bv the 
time it had reached suitable working conditions again, ad traces of 
chlorine had disappeared, The tulie was run with a mixture of CO 
nud CIT,, and then about 30 per cent of argon added. Tho main 
constituent of the element was at once evident from a very strong 
line :.t in (Spectrum VI), reproduced ru the second and thirel orders 
at and 13.38 (Spectrum V). The third-order line is exceedingly 
well pitted for measurement, and from it the mass of the singly 
charged atom Is found to be 1U.UU±.U2, At first this was thought to 
be the only constituent, bid Inter a faint companion was seen at 36 
which further spectra showed to bear a very definite intensity rela¬ 
tion to the Hi line. No evidence drawn from multiple charges is 
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available in this case, owing to the probable presence of OIL and C ; 
but the above intensity relation and the absence of the line from 
spectra, Eaken just before argon was introduced, make it extremely 
likely that it h a true i^tope. The presence of about 3 per cent 
would account for the fractional atomic weight determined from the 
density. 

NITHOGEX i! AT- WT. H.«n. 

This element chows no abnormal characteristics: its atom can not 
bo distinguished, on the present apparatus, from OH,, nor its mole¬ 
cule from CO. It* seconiborder line, on careful measurement, ap¬ 
pears to be exactly 7, m it is evidently a pure dement T as its chemical 
combining weiglit would lead one to ex[>ech 

htokogen i at. wr. j.oo&i akp iieltum (at* wt* 

The determination of masses so far removed as these from the refer* 
cnee lines offers peculiar difficulties, but m the lines were expected to 
approximate to the terms of the geometrical progression 1,2.4, 8, etc,, 
the higher terms of which are known, a special method was adopted 
by w hich a two to one relation could be tested with some, exactness. Two 
sets of accumulators were selected, each giving very nearly the same 
potent hi of about £50 volts. The potentials were then made exactly 
equal by means of a subsidiary cell and a current-divider, the equality 
bciug tested to well within l in 1,000 by means of a mill instrument 
If exposures nre made with such potentials applied to the electric 
plates first in parallel and then in series, the magnetic field being kept 
constant, till masses having an exact 2 to 1 relation will be brought 
into coincidence on the plate. (Phil. Mag. s April, I!>20. p. 453.) Such 
coincidences can not ha detected on the same spectrum |>hotognpId¬ 
eally: but if we first add and then subtract n small potential from one 
of the large potentials, two lines w ill be obtained which closely bracket 
the third. 1o take an act u:l] instance—with a constant current in the 
magnet of 0.2 ampere, three exposures ware made with a gas contain- 
mg hydrogen and hdium ut potentials of 350 , 500+12. anti 500—Hi 
v <dte, respectively. The hydrogen molecule line was found symmetri¬ 
cally bracketed by a pair of atomic lines (Spectrum VTI <? and c), 
dinwing that the mses? of the molecule is exactly double the ma ss of 
the atom within experimental error. When after a suitable increase 
of the magnetic field the seme procedure was applied to the helium line 
ond that of the hydrogen molecule, the bracket was no longer sym¬ 
metrical (Spectrum \ II, h ). nor was it when the hydrogen molecule 
was bracketed by two helium lines (d) m Both results show in an un¬ 
mistakable manner that the mass of He h less than twice that of II r 
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!" l l f ™ "*£ was compared with O, and IT,, obtained from 
AUM by bit J. J. Thomson s bombardment method, with O*. 

The method has some definite advantages and soma disadvantages, 
H it not proposed to discos these in detail at present. The values 
obtained by its «MCan be cheeked in the ordinary way by comparing 
Ho with <■ tind H, with He, these pairs being dose enough together 
for the purpose. Tlie following table gi ves the range of values oh- 
tamed from the most reliable plates: 
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i the^e figures it is safe to conclude that hydrogen is a“ pure” 
e t rntn and that its atomic weight, determined with such consistency 
mid^ accuracy by chemical methods {1.003), is the true mass of it's 

"2^^**?* " r,p “ r 10 M!Ue a * 

KBTPTiOJf (AT. WT, 82 , 02 ) ASD XEJlOlf (AT, WT. I 30 .S). 

1 he results with these elements were particularly interesting The 
only source available, for which the author is indebted to sFr J J 
Thomson, was the remains of two small samples of gas from evapo¬ 
rated liquid atr kind y supplied by Sir James Dewar some years a™ 
for esammatioii by the 1 parabola ” method. Both samples LiUined 
nitrogen, oxygon, argon, and krypton, but xenon was only detected 
m one and its Percentage m that must have been quite minute 

at 80 , K t 83, HI, 66 am] a faint sixth at 78. This group or duster 
n isotopes « beautifully reproduced with the aim* relive vain" 
of intensify m the second, am] fainter still in the third order. These 
multiply-charged dusters pve most re | bW(f ^ q{ 

nr r T'rT’ wi,h A <*) *« <hwrtf co 

or A, (SB) nith the highest accuracy, It will be noted tint mn 
member of each group U obliterated by the reference W b, \ * 

7* - doubly ”« 

1>l seen te the right and left of Spectrum VTII. j t ^jii }m " 

that krypton is the first element examined which shows tinmistakiihL 
stupes differing by one unit only. unmistakable 

C>n llw krypton plates taken with the greats magnetic field f B i,.t 
but unmistakable indications of lines in the region of 130 could J* 
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be detected. The richest sample was therefore fractionated oyer 
liquid air, and the last fraction a few cubic millimeters, was just 
sufficient to produce the »iwm lines in an unmistakable manner, 
iliesc can be seen on Spectrum IX, but are somewhat (heat owing 
to the wide diaphragm used to get maximum intensity. They are 
apparently Jive in number and appear to follow the integer rule. 
I ntil pure xenon is availatde nu final figures can be given, but the 
values may lie taken provisionally as 138, 180, 181, 133, and 135. 

MERCTTIir (AT, WT. C00.6). 

Owing to the presence of morenry vapor (which is generally bene- 
ficinl to the smooth running of tho discharge) the multiply-charged 
particles of this element appear on nearly all tins plates taken. They 
appear as a series of blurred dusters of decreasing intensity around 
points corresponding to SflO, 100, (56,6, 50 * * * etc.,'some of 
which are indicated in the spectra reproduced, It may be stated 
provisionally that they indicate a strong component 202, u weak one 
SUM, and a strong band from 107 to 20d containing three or four more 
unresol cable at present, 

Tabic of rrtuliw obtained ft Member, i$20. 
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I he most important generalization yielded hy these experiments 
is tho remarkable fact that (with the exception of H„ II,, and II,) 
all masses, atomic or molecular, clement or compound, so far meas¬ 
ured, are whole numbers within the accuracy of experiment. It is 
naturally premature to state that this relation is true for all elements, 
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but the number and variety of those already exhibiting it makes 
the probability of this extremely high- 

On the other hand, it must not be supposed that this would imply 
that the whole-number rule holds with mathematical exactness, hut 
only that the approximation is of a higher order than that exhib¬ 
ited by the ordinary chemical combining weights and is quite dose 
enough to allow of a theory of atomic structure far simpler than 
those put forward in the past; for such theories were forced to 
attempt the explanation of fractions which now appear to be merely 
fortuitous statistical effects, due to the relative quantities of the 
isotopic constituents. 

Thus, one may now suppose that an elementary atom of mass m 
may be changed to one of mass m+1 by the addition of a positive 
particle and an electron. If both enter the nucleus, tin isotope 
results, for the nuclear charge is unaltered. I f the positive particle 
only enters the nucleus, an element of next higher atomic number is 
formed. In cases where both forms of addition give a stable con¬ 
figuration the two elements will be isobarcs. 

The electromagnetic theory of mass asserts that mass is not gen¬ 
erally additive, but only becomes so when the charges are rela¬ 
tively distant from each other. This is certainly the case when tlio 
molecules H, and H* are formed from H „ so that their masses will 
la? two and three times the mass of IT, with great exactness. (It 
must be remembered here that the masses given by these experiments 
are those of positively charged particles, H, being presumably a 
single particle of positive electricity itself, and that the mass of 
an electron on the scale used is 0.00054, and too small to affect the 
results.) 

In the case of helium, the standard oxygen, and all other elements, 
this is no longer the case: for the nuclei of these are composed of 
particles and electrons packed exceedingly close toother. The 
mass of these structures will not he exactly the sum of the masses 
of thuir constituents, but probably less, so that the unit of moss 
on the scale chosen will be less than that of a single hydrogen atom. 


VITAMINS. 1 


By W- J>. KALLnjTTiiTON, 

toMort, Jfing* Colter PAirfrtoliQfirkal .Laboratory, 


ITie word 11 vitamin w ia not u* old as the present century, and 
though it is not altogether a satisfactory term, it has obtained a 
permanent footing in scientific and medical lifcemture* The expres¬ 
sion 44 accessory food factor*” which has l>een suggested ns a sub¬ 
stitute T is certainty more. ™mlar*ome. But. after all, it is a matter 
cf small moment what word is used; the important point is what it 
connotes. 

It is a matter of everyday physiological knowledge that our bodies 
are built out of protein*, fats, carbohydrates,, salts, and water, and 
these substances must he present in the food in certain proportions 
and in sufficient quantities to repair the body waste and furnish the 
energy necessary for its activities But recent research has show n 
l hat these substances alone are incapable of maintaining life Some¬ 
thing else Ls required, the chemical nature of which is at present un¬ 
known, and it i:4 to these unknown but indispensable accessory sub¬ 
stances tbit the teem u vitamins * has been applied. 

Prof. F, H Hopkins, of Cambridge, a pioneer in this branch of 
research, has suggested a useful simile to help us to understand the 
problem. He com pairs the building of the body to the building of a 
house. The essential bricks or blocks of stone of which the walls of 
the house are composed would be of comparatively little use unless 
cement were also supplied to unite these components together, and it 
is the cementing material which he compares to the vitamins. It 
would be dangerous tn press such m analogy too far. for the exact 
role of the vitamins is still hidden from us. But the simile is a use¬ 
ful one to indicate one way at least in which thv# can render the im¬ 
portant building stones of real service, and it is accurate in a quanti¬ 
tative sense. The cement in the walls of a house makes up but a 
small proportion of the structure. It is exactly the same in the case 

1 KcffrLaftd kj- pit inlrtctt from 11 fidEotU^ rot, XXVII. 1020, 
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of the vitamins* They L»ear but n small proportion to the total food 
supply, ^Vhen they are withheld from the food, as when chemically 
pure proteins, fats, carbo hydnites, salts, ami water are admin Is- 
temlj health deteriorates, and iii young uni mills growili ceases, und 
if tin; diet is ran tinned death is the inevitable result. Health can be 
ut once reestablished if the diet is amplified by adding to it a natural 
food, such ns a small amount of milk, for fowls as they occur in 
nature contain the accessory factors necessary for growth and mainte- 
nance. This consideration is of practical importance to the public 
generally; so many are the treated, “purified” and sophisticated 
food. 1 * at present on the market that it is most important, to the 
dietitian to remember that these are but poor substitutes for the foods 
which are made in nature’s laboratory* 

Although biochemists have not yet got so far as to be aide to state 
what is the chemical structure of these vitamins, research has at any 
rate progressed far enough to make it certain that they nro numerous, 
and it is around three that research has mainly centered. They are 
products of the plant world, mid it is on plants \luit all animals ulti¬ 
mately live. Animats have greater synthetic powers than were for¬ 
merly believed to he the case, hut so far as is at present known they 
are nut able to synthesize or manufacture vitamins. 


The vitamins can >w separated by their varying solubilities in 
water and other agents, and can lie distinguished hv their varying 
powers of resistance to heat and other drastic agencies, and further 
they are differently distributed in various parte of the vegetable 
wnrliL Their absence prevents healthy growth and leads to death, 
but the symptoms manifested are different in the three cases. The 
diseases clue to their absence are very conveniently grouped together 
as - deficiency diseases.*’ Among such diseases «ro beriberi, and 
coming nearer home* setirvy anti rickets* 

The first of these vitamins is contained in the embryo or germ of 
cereal seeds. When milling is curried to a high degree this portion of 
„ lt ^ r,lin 13 re ™ ov ed hence, polished rice, and superfine white wheat 
Hour, though they may appeal to the (esthetic sense, are of inferior 

' “ f,Kld5 ' Tt 15 now firml .v established that beriberi, the disease 

of the nee-eating nations, is due to the use of polished rice, and ean tu> 
prevented or cured by adding the polishings to the diet. Polished 
ncc produces the disease not because it contains a poison, hut because 
it Ln-ks the vitamin. Using the noncommittal nomenclature intro¬ 
duced by American physiologists, it is now usual to sneak of this 
1 ’“” un ’ " n °f lts solubility in water, ns « Water .Soluble IV' 

1 lie second is contained in the majority of animal fats (commercial 
!"™ ? ^ceptmn), and is particularly abundant in milk fats and in 
wrtam hsh oils, such as cod-liver oil. It is specially important ns a 
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growth factor, and t he re fore Ixtd ispensa hie in early 1 i feu Tt is absent in 
most vegetable fats. Here we have one indication of the value of milk 
for the young* an explanation of the potency of cod-liver oil in curing 
malnutrition, and a warning of the danger of vegetable margarines if 
employed as the only source of fat in the food of the growing sec¬ 
tion of the population or of expectant mothers. It h usual to call this 
vitamin ‘‘bat Soluble A/' There is accumulating evidence to show 
that its absence or deficiency is an etiological factor in rickets. Like 
its water-soluble companion* it is ultimately a vegetable product, 
being contained in high concentration in the green portions of plants. 
It is because the cow lives on grass that her milk contains the vita- 
min, in expectant mothers, either milk itself or green vegetables 
should form important constituents of their diet, but In the feeding of 
infants green vegetables are for other reasons not suitable, so that in 
times of stress and shortage children must lie provided with milk 
even if everyone else has to be content with little or none. In the 
adult the need for “Fat Soluble A H is not m great ns in the child* 
but it has been established that small quantities arc necessary* espe¬ 
cially in periods where excessive work leads to u greater demand for 
nutritive principles, for instance, in our fighting forces on activo 
service 

1 fie third vitamin is also soluble in water* and as Doctor Dmni' 
mond suggests it may bo called tt Water Soluble G" This is the anti- 
Scorbutic principle* ant! is found in the juices of fruits (the orange 
and lemon are here preeminent) and in most edible vegetables* 
Among a seagoing people like the English* scurvy wns but too fa¬ 
miliar in the past* and In the sixteenth and seventeenth centuries it 
wm a dread and terrible scourge. The remedy* fresh meat and vege¬ 
tables, was well known* but no means existed then, for providing 
ships with these desirable commodities on their slow and protracted 
voyages. Scurvy also was common among the civilian population, 
owing no doubt to the scanty allowance of meat and especially of green 
vegetables available for the poorer classes Thanks to the increased 
rapidity of transport and the improved facilities for the provision 
of fresh vegetables and fruit, adult scurvy has become much less 
familiar in our days, except in case# of long-continued absence from 
centers of civilization* such as arise in polar expeditions or under 
the strenuous conditions of modern warfare- In more recent times 
the failure of the potato crop In Ireland in 1847 was followed by 
outbursts of scurvy* ns w as aI?o the case in Norway in 1004, and the 
recent failure of the fruit crop in 191T w a as marked by outbreaks in 
Glasgow* Munchester* and Newcastle. In time of war scurvy fre¬ 
quently occurs* and numerous instances of this have occurred during 
the past four years, for example at Kut during the siege. In fact, 
a considerable proportion of the population are never far removed 
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from the safely line, am! this is especially the ease with artificially 
feri children, sod scurvy, incipient or declared, is an ever-present- 
danger, especially in the first years of life. This vitamin is 
chancterixec] |>y its extreme lability, being destroyed by moderately 
high temperatures in the presence of oxygen, treatment with 
alkali, by desiccation, canning processes, and the like. The 
effect of cooking on the antiscorbutic vitamin seriously diminishes 
the amount present. But the discovery has been' made, mid 
proved in valuable during the last war. that canned cereals re- 
cover their antiscorbutic potency by being allowed to germinate. 
I he high value of various citrus fruits lias long been appreciated, 
and for the lust century and u quarter reliance lias Wen placed 
in the Navy and mercantile marine on lime juice as a preventive. 
Here the researches of Miss Chick and her colleagues on the experi¬ 
mental, and Mrs. Henderson Smith on the historical, side have re- 
voided a very curious slate of affairs. Modem Hum juice is made 
.from the West Indian lime, whereas the lime juice of the post was 
made either from the lemon or the sweet lime of Mediterranean 
countries. This juice* was highly potent, and it was by its use that 
tlie Navy was freed from the terrible* scourge which had previously 
devastated it. Curiously enough, although the sour lime of the West 
Indies is such a near relation bofawicaUy of the lemon, its value ns 
an antiscorbutic is almost negligible. Prominent among t hc anti¬ 
scorbutic upon which reliance was placed by old-time seamen were 
beer and infusion of malt, as will lie familiar to the reader of Captain 
t ook s Voyages, but an investigation of modern Wrs and of the 
malt from which they are prepared has shown that they are de¬ 
ficient in i he antiscorbutic factor. The difference between the old 
and modern brer is no doubt due to the high temperature employed 
in various steps of the manufacture of the latter. 

It will thus l»e seen that the subject of vitamins b of the highest 
importance, but we must remember that it is at present in Us in 
fancy. It is. i-erliaps, not going too Fur to state that the conception 
huls fair to have os far-reaching results as those which have followed 
the study of internal semtions and hormones. 

To label a disease by n specific name-beriberi, rickets, etc.-and 
to fathom its cause and lead up to a rational and successful treatment 
of the Same is no mean accomplishment, but there are many ailments 
o which ,t is impede to give a name, so vague and pulling are 
the symptoms they exhibit. It is probable that many so-called minor 
lomlitions of malnutrition may be due to lack of vitamins or to a 
auticiency in ilic-ir supply. 

Although at present three vitamins have been brought into the 

more ISffrt , **“ H “ r that the list * complete? It is 

ore than probol-k* that obscure and apparently trivial complaints 
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may in the future be found to be deficiency diseases. An obvious 
stjite of malnutrition In an infant may pass awa j 7 and yet it may 
leave its mark behind it and cause far-reaching results Inter in life. 
Take, for example, that curse of modern days, dental caries. Already, 
ns Mrs. MeUanby has shown, there are signs that this is just such a 
condition, and that its caitse is probably a deficiency (earlier in life) 
of a proper vitamin supply. Happily, many workers are taking up 
the subject and exploring the numerous by-paths that the main idea 
has opened up. 

Important work of this nature is that by Lieut. CoL K, McCarrison, 
and hb paper hm appeared in last year’s January number of the 
Indian Journal of Medical Research, The disease in particular 
which he dealt with is beriberi, u complaint which can l*e produced 
easily in birds by withholding; water-soluble B, or, in other words, 
by feeding upon highly milled cereal grains. So far, the nervous 
symptoms of this disease, s|3okeii of as u neurithv* have attracted 
moat attention, but McGnrrison has shown that the Condition is more 
than a functional and degenerative condition of the nervous system : 
that it is one in which practically every organ and tissue of the body 
is involved. The organs of digestion and assimilation are particu¬ 
larly affected, and thus many of the symptoms are due to the chronic 
inanition so produced. The lowered vitality then renders the body 
nn easy prey to infectious and parasitic agents, and thus other symp¬ 
toms become explicable. Among the many remarkable results 
chronicled is that while the adrenals hypertrophy, there are other 
organs which atrophy, and In order of severity these are the thymus, 
testes, spleen, ovary, pancreas, heart, liver, kidneys, stomach, thy¬ 
roid, and the brain least. It therefore appears that the organs 
which atrophy provide a reserve of vitamins for use in periods of 
stress, but that tho reserve is soon exhausted. 

One disease, namely, pellagra f I have not mentioned, and it is of 
particular interest to Italians, Conflicting views are at present held 
as to its causation, many regarding it as an infectious ailment, 
whereas others look upon it us a deficiency disease. It is the condi¬ 
tion which fellows the effects of make feeding. The mmixti protein, 
ns is well known, is an imperfect one, and lacks many of the im¬ 
portant amino-acids which are needed for tissue building. It may 
be that the deficiency is in the protein. Still it is quite possible that 
here also we may have to deal with the lack of a specific vitamin. 
This view at any rate has been taken by Rondoni, who has published 
a recent paper in the British Medical Jour rial X> page 542, in 

which he compares his experimental results on guinea pigs with 
those <>f McCnmson on bmLs. Here also there is an enlargement of 
the adrenals and an atrophy of certain other organs, Rondo ni points 
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out that these results of his were published some years ago in an 
Italian journal, but have been overlooked by those in this country. 
One can only hope that in the future, in view of the friendship be¬ 
tween the countries now cemented on the recent battlefields, that 
such accidents will not occur ngttin. 

Ihe foregoing article has dealt only with the outline and with the 
more recent work upon a subject of large and increasing importance. 
The field is a fruitful one, and one can only trust that with fresh 
spade work by other workers our knowledge in Lhis direction may be 
amplified and thus rendered of even greater benefit to mankind. 



SOIL ACIDITY—ITS NATURE, MEASUREMENT, 
AND RELATION TO PLANT DISTRIBUTION . * 1 


By EtHiAitT. WiESWY, 

United State* Bureau of ChcmUt ry. 


I With 2 plotroi| 

INTRODUCTION, 

The studio described in the essajs nf which abstracts lire here 
brought together belong in si border-line class between well-defined 
lienees; they represent the application of certain principles and 
met! tot In of diemistry, of physics, anti of geology, to the solution of 
problems In botany, in plant ecology, and incidentally in horticul¬ 
ture. It has been the aim of rise writer to sum up in relatively simple 
language the principles of physical chemistry which bear on soil 
acidity: tu develop a method for measuring mil acidity in the field? 
and to apply this method to the study of the distribution and the 
cultivation uf native plants. 

mm acit>ity/ 

According to the almost universally accepted cleetrolytic-dissocifl- 
tion or ionisation theory* many chemical compounds, under certain 
conditions, exhibit dissociation into electrically charged portions, 
known ns ion*. These may consist of single atoms or of groups of 
atom?-, Only ionisation connecled with the dissolving of substances 
in water need concern us here. Compounds differ widely In the ex¬ 
tent to which they are dissociated or ionized in dilute aqueous elu¬ 
tion. Among inorganic compounds—acids* f>uses, and suits—many 
arc almost completely, others only partially, ionized* Of organic 
compounds u few, especially acids* are markedly, n consklerable num¬ 
ber slightly* mid many not appreciably ionized. 

M liter I Uel f d Issoc in t es i n£o hi/dro*/* n-ion . mad e i ip o f positiyely 
charged hydrogen atoms, and accordingly symbolized by FT : and 
hydroxyt-i&n, made up of negatively charged hydroxyl (hydrogen 

1Tlw *‘hUih th--*e ^.iy . ii tv tflUMrti hn« i^ti rufriid on Iito-It at the 

writer ■ f-wn miwu-Ji-, LlurSnif raritfeti period*, Nat ftiadt faf certain uf Lh** IrLpu wrre o4i- 
to" BurpBii ot F'llut IsdnvtET. tlirtnirh Mr. Ktedwlcfc V. Cavilk, IWtAhllt of 

till- DBjHLrtiniinE of Afirirulturt?. l| Si a pSeejrarr to atkiipwltijg* herewith the aLd; raritvd 
ln I hn i^ptnLtiah Qt lhr?M- pft^fa frem Mr, CotI 11* 4 Dr. E, Q. Ari.imj v f th- ISureuu of 
Ch cm la try, arnl other rti] 

1 Abstracted twin tn ™*hj * otlllcl 14 Sail mstdlt* mil a Ae-Lil lor 11 k mniKirr- 

mtBfc" Bnlm* llMMm 1U2&. 
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plus oxygen) gToups, symbolLred by (OH)-. Acids yield hydrogen- 
ion ami another ion fonsistinp o f the bslunce of their constituent 1 -; 
thus from nitric acid. HtfO a , arise. H' and (NO,)-, the latter being 
termed nitrate-ion. Alkalies yield hydroxyl-ion and another com 
^ remainder of the compounds; In potassium hydroxide. 
KUli, tho ions aiii (Oil)’" and potass! iiiad on f K\ 

The amount of hydrogen-ion present in a solution, expressed as 
grain equivalents per liter, is often referred to as the hydrogenrion 
4onr.tr Titration, 


The water existing in soils, as a film around the solid soil particles, 
docs not differ essentially from f™ water in the above respect*, 
hubstances dan rhssolve in it, undergo Ioniantion. and rive rise to a 
ilefimtc hydrogen-ion concentration of the soil. This is what is 
meant by the term “soil acidity. n 

Observation has shown that the properties of substances which 
leail to their classification m acids are directly connected with the 
presence of hydrogen-ion in their solutions. The characteristic sour 
taste—from which the term acid was of course originally derived— 
is in considerable part the taste of hydrogen-km. 1 Reddening of 
blue litmus, the most widely known test for acidity, is produced by 
hydrogen-ion. And it is hydrogen-Ion width takes part in most of 
the chemical changes into which acids enter. 

The inhibiting effect of acids on the growth of many bneteria, and 
the favorable effect they show toward the growth of some molds and 
fung, are hydrogen-ion phenomena. There is every reason to sup¬ 
pose that the action of acids on higher organisms, such as the flower¬ 
ing p ants M identical m origin. It is evident from th*e considers- 
ions that the hydrogen-ion concentration is a highly important fea¬ 
ture of the solution of any acid substance. 

The difference between hydrogen-ion concentration and quantity 
of acid in the case of two typical acids is here tabulated. The 
numeric*! values given are only approximate. 
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Table I shows that although n normal (molar) solution of both 
acids contains the some quantity of acidic hydrogen* the strong acid 
yields sevBnfcy*fiYc times as much hydrogen-inn us does the moderately 
weak one,, and may he expected io hare seventy-five times m much 
effect in the directions listed in the preceding paragraph. 

The situation b analogous to that of two men, both possessing $100, 
but one having $25 in n savings bank and $75 in his pocket, the other 
having $S>9 and $1 in these respective places. The first man can pur- 
rhioe seventy-five times the amount of any commodity that the second 
can, even though the total quantity of money they own is the same. 
Purchasi ng power* in this illustration, corresponds exac tly to hydro¬ 
gen-ion concentration; forth© amount of hydrogen which is ionized, 
noL the total amount, determines most of the things an acid can do. 

Several different methods of stating acidity are in use* and in 
Table 2 the way two values selected at random appear under all of 
them is brought out; and the reader may judge whether the one 
chosen for use in the present paper (the last one tabulated, specific 
acidity) is not the best from the point of view of dearness and con¬ 
venience- The hydrogen-ion concentrations of the two solutions, in 
gram equivalents per liter, are 0.0004 and 0.0WKXKB* respectively* the 
former representing two thousand times as much hydrogen-ion as the 
latter. 


Table 2.— Companion of method* of stating acid it g (hitdrogcn-iGi i). 
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The method illustrated in the last line of Table 2 obviously shows 
with a minimum of calculation on the part of the reader that one of 
the solutions Ls two thousand times as acid as the other; and it gives 
directly the information that the hydrogen-ion concentration is in 
the one case four thousand times, in the other case twice, that of pure 
water. 

As the Pu method is rather widely used in the statement of hydro¬ 
gen-ton concentration* however, it seems desirable that another tabic 
be given showing the relations between Pu values and specific acidi¬ 
ties (and rtikalinitics) over the range covered by dilute aqueous 
solutions. 
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From tlic- above tabulation it is evident that soil acidity i E 
to ben rather complex phenomenon, and it is certainly 
or an imest jgutor to look to tiny single substance or tvue n f ,,b 
stances as tlie source of the hydrogen-ion pmludni- it }n u f b ‘ 
ft seems probable, however, that comparatively few of tf J ^'uT* 
f"”* of Mro^-ioo, , nJ c^„ JX>SS,Ue 

embte amounts in any one soil, ^ CWl,st in 

Itj desirable to tabulate ne^t the methods which have |^n ^ 
gested for measuring soil addUv. in „ r , r c or W ,1* ‘ , S i 

aetjuence; bringing together related ones. ^logical 
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Tajil y- —Ifethvdx rj/ m*:aa\itin$ addily prrtcnt imd producible in wotts. 

I r A salt solution U ehMihI to the soil ; for lh\a purpose then- hiive been used 
AOfllfum ditorldi,% potn&duni chloride and cnlelnm chloride* ultra to 

and ucoUtO, EinK 1 Stltphlda plug c&ldmn cJiltirMe, etc* The quantify of 
add In the resraltbip wjlutlon + which represents that oH|dniil|y present Jb 
dm so ll plow ii much srrenter irniuuni pn'Mlncrt! indirectly by the process** 
outlined on n previous pjisie. in thou determined lay titration or otltar 
mttAfl. 

2. No null rotation but s*mte purr wator 1& adilfd to the soli. 

A. Tim udittm* to titrated with llnm water* iihItij: Athvt nu Indicator or 
obson ntlon of tbo freezing point to dotortnhao t la-n end p^ilut. Thl* 
filvm tiio =imount of 13me needed to ueutmli^ the neh! nr initially 
pr ewa t la the **&i pJua that pradund Indlrsvtly by the action of 
llmo (which Lh likely n* differ from I tint prodm-ed h> u neutral wit 
rotation) P uh well us ibe n mount of 11 mo rmpaEn^i to eutJsfy the 
adsorptive po-wer of tim roll colloids for cnlctum-foa under the fifven 
mullilriiai, 

Bv Tln> mixture la [titered and the dltrnto titrated with irtumTard alkali. 

This give* the quantity of acid present fn the soil. 

C. The byriruttfHduLi ewnoemratlun or specific acidity ist tterermhteil: 

(a) By eatnly^Es of an ester. 

(&) By measurement of the potentEnl dim t(a hydrogen-tuu with the 
potentiometer. 

(cj By observation of color chants of Indiestors whoso relations 
to bydrciRpndou ronceotmtlon nre known. 

The methods listed under 1 in Table 5 arc iwt methods of de¬ 
termining the acidity originally present in a soil. The results they 
yield are composite, representing- both acid originally present and a 
usually greater quantity produced by the treatment. Thai the re¬ 
sults obtained would differ widely with the ^alt used and with the 
conditions of the experiment would naturally be expected, and has 
been demonslrated by actual trial. Even when soils are neutral or 
alkaline at the start they nmy develop li considerable acidity when 
treated with a salt solution; and any method which indicates an 
alkaline soil to be add is certainly valueless for the determination of 
the effect of acidity on plant grow thn 

By way of analogy, suppose a man has one pocket fell of coins, 
and another fell of slugs. In so fur as his ability to purchase com¬ 
modities is concerned the contents of the former pocket Ls alone o t 
significance* Even though the slugs s un, by appropriate procedure, 
be converted into coins* they have only potential and no direct pur¬ 
chasing power* Determination of the total number of metal objects; 
or of the total weight of me tab which the man carries, can, of course, 
be carried out with as high n degree of precision us desired; but 
what bearing will this data have on Lis actual wealth? 

Since the methods in this group yield composite, variable, and con¬ 
tradictory results and furnish no information as to the soil acidity 
nor as to the lime requirement, it can only be concluded that they 


£52 annual tvepoht smithsoniak ixstititios, iflflo. 

nix* valueless in connection with «ny study of soils in relation to 

p 111 lit jJTOVVth. 

Of the methods listed under 2 A, in Table 5, the lime-water 
(Veitdi) method gives directly the amount of lime needed to bring 
the soil to the degree of acidity or alkalinity shown by the indicator 
used. If phcnolphthalein is selected, the result is the amount of 
lime which will give the soil a specific alkalinity of 30. If, however, 
litmus or brow-thymol blue were to lie used, the amount of lime 
required to reader tile soil neutral would be obtained. This method, 
then, though obviously not permitting the determination of soil 
acidity, is a real Ume-reqidremtnt method. 

The method given under 2 B, in fable 5, pei'iaiu the determination 
of the quantity of acid present in a given soil in the simplest iwssi- 
ble way. An indicator, whose color changes occur at the neutral 
point, should, however, be used. Neither methyl orange nor phenol- 
phthdein, however useful they may be for obtaining mm punitive 
results in ordinary titrations, shows when a solution I ms been actu¬ 
ally neutralized. When an acid solution is being titrated, the former 
changes its color long before the neutral point has been reached and 
the latter does not begin to change until well past neutrality. 

For reasons already explained in detail, the quantity of acid pres¬ 
ent m a soil is far less significant than the hydrogen-ion concentra¬ 
tion or specific acidity, when effect upon the growth of plants is 
under consideration. The methods under 2 C, Table 5, are, therefore', 
the only ones which should be used in studying this subject. Method' 
a is difficult to apply and to interpret. Method i b justly resorted to 
for testing soils where the necessary apparatus is available 
The indittitor method c* while leas accurate than the potentiom- 
eicr method, is, however, so simple to apply that it run 1* racoQl . 

mended for use in all ordinary’ studies of soil acidity in relation to 
plant growth. 


a riKijj method run measuhing soil acidity." 

t'ndcr the most favorable conditions it i 5 possible by the indicator 
method to measure acidity and alkalinity with much greater pre- 

luZ £?“.* " lh * m± ****** ** indicators with 

buffer solutions of known tonic concent ration, many hues intermediate 

between those in the accompanying color chart« can be distinguished. 
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On comparing the colon? thus produced with those developed by 
mixing clarified soil extracts with the same Indicatory specific 
acidities differing by a factor of B \/10 or U59 (P M ^0J) ctm bo 
recognised. In the field, where it is inconvenient to carry buffer 
solutions to prepay standards for comparison, and where the 
turbidity of soil extract is difficult to remove, it is impracticable to 
work closer than values differing hy a factor of ViO 3.16 
(P„=0J>) which is rounded off for simplicity to 8+* This degree 
of precision te t however, entirety adequate for the purpose in view, 
for it has been repeatedly found that from one to another plant of 
the same species* or indeed, from one to another root on the same 
individual, separate observations of reaction may differ by a factor 
of 10 or more. 

The following outfit is used:* First, a rectangular bos about 3-5 
hy 5 hy 9 centimeters in dimensions. In the box, six vials for the in¬ 
dicators, 1.5 by 5.5 centimeters, capacity 8 cubic centimeters, each 
provided with a cork or rubber stopper, into which is inserted a glass 
rod flush with the top of the stopper, and extending nearly to the 
bottom of the vial; to prevent undue compression upon inserting the 
stoppers, a groove may lm cut in the side of each, so as to reach nearly 
to the lip of the vial. Then, three or four vials, in which to extract 
the soils, about 3 by 5 centimeters, made of heavy glass, to prevent 
undue breakage: a container for water, which may conveniently l*e a 
ficrew-capped jar holding 200 cubic centimeters or more, or an 
aliuninurn canteen: and a pipette* most simply constructed of two 
pieces of glass tubing a few centimeters in length, connected by a 
rubber tube. 

The $ix indicators which have proved must satisfactory m work 
with soils are: Bromphenol blue, bivmcresol purple, bromthymol 
blue, phenol red, methyl red, md o-cresolphthalem or phenolphthab 
ein. The first three are used, as recommended by Clark and lmh§ f 
in al>oiit 1 per cent solution in water, titrated with dilute sodium 
hydroxide to their intermediate colors; and the phenol red in a 0-5 
per cent solution similarly titrated. The methyl red and phenol- 
phthalein are u^ed as 0.25 per rent solutions in 50 per cent alcohol It 
should be noted bote that litmus paper, which is often recommended 
for testing soil reaction, is much less .sensitive than the above indi¬ 
cators, and may give misleading results*" 

A simplification of the procedure previously recommended has 
boon adopted; modifications may still be desirable in special cases. 
But before giving the directions, a word should be added concern- 

7 ^ta of lodkabn xiimli&r to Ibal! Ihtc d^Kiibcd are for uk fojr I be La Mflltc QfmlciJ 
I'rtsducts Co.. 1A West- Sarfttoffji Sires: t T Eal limoiv, Aid. 

M Ull]«plc and WlVo. JoEf. Adcr, Clutna. Hoe., 40 r TOO, 1013. 
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mg the water used for mixing with the soil. If calcium bicurlionnie 
is present in this water, the soil acidity will he diminished, while if 
neutral silts, such ns sodium chloride, and especially calcium sul¬ 
phate, are present in any considerable amount, the acidity will be 
appreciably increased, 'flic former effect is a direct neutralization; 
hut the latter is due to the fact that the clay and the humus in the 
soil adsorb the basic dements from neutral salts and set the acid 
free. In the laboratory distilled water can | M used, and to attain 
the greatest precisian air freed from carbon dioxide am 1h> blown 
through it until it reacts riuite neutral; when one is traveling, dis¬ 
tilled water can usually be purchased from a drug store and will 
give satisfactory results without special purification. In the wilds 
the best that can be done is to obtain spring nr well water rising 
through rocks as free as possible from soluble constituents—such 
rocks as sumlstone. shale, or schist. In flsdearoous regions it may 
lie necessary to test waters from one source after another until a 
sample is found which reacts neutral—is colored green by a drop 
of hromlhymol blue indicator-nod to arrange the trip so' that the 
water supply can from time to time bo replenished from this source, 
tilth these points in mind, the following approximate directions 
have liecn drawn up: 

A sample of soil a gram nr two in weight is shaken from Jiving 
roots into on empty vial, and 5 cubic rentiim-tcre of the ™„ r k, 
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tio n: and this is continued until either an intermediate color of one 
indicator, nr opposing ext reined of two overlapping ones, are ob¬ 
tained, whereupon the specific acidity or alkalinity can be read off 
from the chart 

The more turbid the liquid the more indicator turn t be added., and 
the certain are the results obtained. The turbidity can, of course* 
be removed by the addition of coagulating agents or by Jilt ration 
through paper; but it k essential to make certain that these do not in 
themselves show an acid or an alkaline reaction. The most satis¬ 
factory result* of all can be obtained by running a quantity of the 
extract through a paper filter until two successive portions yield the 
aanie value when tested with indicators. But such procedures an? 
more suited to laboratory than to field studies, and niter a little 
experience one can tell the indicator color change with certainty, 
even in the presence of considerable brown mud. 

To illustrate the procedure followed in actual practice, two typi¬ 
cal cases encountered by the writer may be cited here, 

L A black soil in pockets in limestone rock, supporting spleen * 
wort ferns, was treated as above* and on testing the soil extract with 
hroirdhymo] blue indicator, a strong blue color was obtained t refer¬ 
ence to the chart showed that tho reaction must be alkaline* and the 
value of specific alkalinity 3 or more (Pn—7£)> The process was 
repeated with the indicator, the color changes of winch lay next tn- 
w&rd the alkaline side of the table* namely, phenol red. With this 
indicator a dear r» ■ 1 i-ufur was obtainr-h showing the nMictinn i<. 
actually specific alkalinity 10 fPn=8 + 0) t 

f^onfc a dry blueberry thicket was tested* and, since upland 
peat is usually distinctly acid, the fir-i indicator tried w m brom- 
emol purple, the color changes of which occur Just to the acid side 
of the neutral point: with this indicator a yellow color was obtained, 
indicating n specific acidity of at least 30. The soil was accordingly 
tried again with methyl red, which lies next toward the acid side, 
and this pive ic violet-red color* corresponding to a specific aridity 7 
of 300 or more. It was accordingly necessary to try tin indicator 
working lit still higher aridities, namely* fiimphenol blue: and this 
yielded a violet color, indicating 300 m -less, The lost two indicators 
agreed* then, in fixing the react ion of this- soil ns; specific acidity 
m (Pli—4.5). 

In .spite of certain limitations* this method is capable of giving 
definite information as to soil reaction in many cases. And the re- 
SEilts obtained by the writer on n number of species of native plants 
have l>een of such significant that the method is published for the 
benefit of students of plant distribution and others interested in aoil 
aridity and alkalinity. 
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THK KKI.ATION OF ROIL ACIDITY TO PLANT DiaTTUtBUTIOH. 

INTRtilHTOTOftT NOTE. 1 * 

As a result of many hundreds of determinations of soil acidity 
and alkalinity made by the above-described method upon plants 
growing under the widest range of physical and olimatic conditions, 
the writer has found abundant evidence that the aridity of the soil 
is closely connected with the distribution of native plants. It is 
nut intended to imply that the reaction is the only factor of Impor¬ 
tance in determining the place of growth, nor that the arid or alkali 
necemarily atjts directly on the plant. Some plants may require for 
themselves or for symbiotic organisms a soil of a definite acidity 
(or alkalinity); but Others may be favorably affected by soma physi¬ 
cal or chemical property of the soil which accompanies the develop¬ 
ment of that acidity; and still others may be driven into soils of u 
certain degree of acidity bv more vigorous species which monopolize 
neighboring soils of greater ur less acidities. The measurement of 
the actual soil acidities and alkalinities connected with certain 
Slides of plants, which is all that is attempted in the present series 
nf studies, is bnt one step in the working out of the problem of why 
a given plant grows in a certain place. It is hoped that the results 
presented will Indicate, however, the considerable, if not funds - 
mental, importance of this heretofore often neglected step. 


sfTtr&rra on feens* 


Rock iteretA 1 *' — Judging from the literature, the ferns which grow 
on rocks would appear to 1*, on the whole, markedly sensitive to the 
chemical feature of their soils. Their distribution fc, of course, 
controlled to some extent by physical factors, such as climate, 
porosity of soil, availability of moisture, etc.; yet in many instances 
a given species has been observed to grow in soils of widely varying 
physical character, but consistently associated with a particular type 
of rock, and accordingly more or less uniform in chemical comp^i- 
tion. Again, soils of like physical properties but dissimilar diem- 
mil nature often occur In such proximity that stores of the various 
ferns can not fail to have fallen into both kinds, yet nourishing plants 
have developed in but one of them. 

It is commonly recognized that certain species of rock ferns *row 
by preference upon limestone and similar rocks, and are accordingly 
to !* classed as calcareous soil plants. Other species, however ap- 
pear to avoid calcareous rocks quite definitely, and tire presumably 


” ?f prfal *f d ^ "JMf em*gee Pom tnm-iucCon h, an , H i e ] r ^ , « 16 ™ 

"AI>.lrt C |«l trvm " TV NHL rvactlmiN «r .-mala n<* f,**" i *% j ftn V* ™ 
ifi-rs and IfKS'A litre, *11**1 chines ban. ranJe la ttTuih!.. M the T J t h ^f’fnr- 

tlirt wart *!doj the orJjcrlfirii paper viHb prtjsa,rt4* 




SOIL AL'IDITY—WHERRY, 


257 


to In} classed ns acid-soil plants. In the course of geological field 
trips and vacation outings for several years past the writer has hcen 
rollectin>f information upon these relationships. The first plan tried 
was to carry samples from the field to the laboratory and there de¬ 
termine the percentage of calcium oxide (lime) present, both the 
total amount and the soluble portion; ami a, brief account of 
some results thus obtained has been published. 11 Subsequently it 
proved possible to work out the abov e-d escribed method for meas¬ 
uring. in tlu> field, the soil reaction (acidity or alkalinity), which is 
much simpler as well as more instructive than the determination of 
lime. 

The writer’s field work on rock ferns has extended from Vermont 
and New Hampshire on the north to West Virginia and Virginia on 
the south, and all of the common species, as well as a few of the 
rarer ones, occurring within these limits have been studied. The 
results obtained are presented in Table I. The correctness of pre¬ 
vious classifications has been confirmed in most eases, but consider¬ 
able new data have been obtained on many species, As pointed nut 
in the above-cited paper on rock ferns, it is the soil rather than the 
rock which affects the growth of plants; acid humus sometimes coats 
limestone ledges to such a thickness that species not normally favor¬ 
ing calcareous seals flourish there; and on the other hand, while the 
soils over sandstone, schist, granite, etc., fire usually more or less 
acid in reaction, alkaline (calcareous) soils may accumulate nn these 
rocks through th* decomposition of vegetable debris, and typical cal¬ 
careous soil species thrive there. Accordingly, actual tests have been 
made of the soils at the roots of the plants investigated. It is prob¬ 
able that further work will result in extending somewhat the ranges 
of reaction here recorded, although it seems unlikely that the classi¬ 
fication of many of the species will be changed. It is hoped, in par¬ 
ticular. that species which the writer has lieen unable to study fully 
will be worked np by others. 

Method of recording data.— For recording data on individual 
species the following plan has l«?en proposed; 1 * Arrange nnmliers 
representing specific acidities in a horizontal line, decreasing from 
left to right. At the left of this line place a column of numbers, 
increasing upward, to show how many observations have been 
made. Then place X's above each aridity opposite the number 
representing how many thins such a degree of acidity has been ob¬ 
served at the roots of flourishing plants. A curve may be regarded 
as drawn through the X’s thus pieced, and from its "shape the be¬ 
havior of n plant with respect to soil acidity may be seen at a 

a Aoir. F«n JfoflfB., 110-112. 101”. 
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Three Illustrations from the paper cited may be reproduced 
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For comparison of a large number of species, it is simpler to indi¬ 
cate the frequency of observations of each degree of acidity by the 
use of different type, lower case x signifying rarely observed, 
capital X frequently observed, and bold face X the optimum or most 
frequently observed value. The three illustrations just given would 
appear under this plan as follows; 
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The latter plan is used throughout the present article. 
hxplimation of T'obit tf,—In the table as originally published the 
plants were arranged in the order adapted to bring out their botanical 
relationship. Here they arc divided into three groups on that basis, 
but in each group (or subgroup in the case of No. 3) the species are 
listed in the order of diminishing alkalinity and increasing avidity 
of their soils. 
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The names used arc those accepted by most present-day writers. 
X he number of tests made on each species is recoiled, and. ns about 
three tests have customarily been made at each locality, the number 
of localities represented is approximately one-third of the number 
of tests. Teats mad* on soil adhering to the roots of herbarium 
specimens, which seemed desirable in a few instances to supplement 
held dnta, are distinguished hy parentheses. 

The majority of the species tabulated clearly favor reactions Ivin* 
toward one side of the table or the other, and ir is convenient to have 
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some way of classifying them on this basis. Those the dominant 
reactions of which lie toward the left-hand side may be termed 
’‘acid-soil plants,” Jt should lie noted that the degree of acidity 
represented by habitats supporting those ferns is for the most part 
less than that of the sphagnum bogs and sandy barrens where so- 
called “oxylopbytos” grow, so the Tatter term'is not desirable for 
application here. This class is designated by an A, for acid, in the 
nest to tlie last column of the table. 

The complementary term “alkaline soil plants” is unsuitable for 
those showing dominant reactions toward the right-hand side of the 
table, smee the degree of alkalinity re presented is at most but slight, 
and moreover no aperies of this class has been found which will not 
grow also in neutral and even slightly add soils. The evidence 
indicates that the important factor in the case of plants avoiding the 
moi-1 acid soils is the relative abundance of calcium compounds, and 
accordingly * calcareous -oil plants " will be used. The t erms u - jiki- 
philc” (Hmo lover) and 41 raid cole ” (lime grower) are often applied 
to this doss of plants. Since plants may grow in calcareous habitats 
for various other reasons tlmn “love of lime” the latter term is the 
preferable one; bnt neither is really necessary. This class is marked 
ill tile table by 8 C, for calcareous. I t for indifferent, is used in uno 
Lost a it co. 

It is evident from the table tjint no sharp ling can be drawn between 
the two dosses, as marked overlapping occurs in the central columns, 
especially in those of specific acidity 30, 10, and 3. Laboratory tests 
for calcium compounds have shown dies? to be present in practically 
all the soils concerned, their amount and especially their solubility 
diminishing markedly as the reactions approach modiacidity. By no 
means nil species showing calcium compounds in their soils are cnlca- I 
reous soil plants; for when the specific acidity exceeds about 30 the 
physiological effect of the acid appears to predominate over that of 
tlie calcium; and although when the specific acidity is 10 or below, | 
the effect of the calcium is dominant, soma acid soil plants can stilt 
thrne eien [it tile neutrnl point. In soils termed nraiimacid t plants 
Of both classes may flourish tide by side; but if enough occurrence 
of each species can he studied, the dominant reaction is a! wavs found 
te lie definitely toward one side or the other, ami the plant con bo 
to the mmsporiding das?. 

In the final column of the table letters are used—N for northern 
and S for southern—to bring out the relation between the range of 
each species and its soil reaction. The calcareous soil specie prove 
to be dominantly northern in their distribution, the acid soil ones 
dominantly southern. This ia evidently connected with their two- 
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luUonary history anti with the fact that llie climatic conditions of 
the more northern regions, as well as the glacial action which has 
affected lhem t arc adapted to the accumulation of calcareous sails, 
whereas in more southern regions there is* on the whole* a tendency 
for soils to develop acidity* 

SmI reaction mid plant rol&ti&nsMp *—In several eases listed in 
the above table related plants show marked differences in their soil 
preferences. Thus Pgll-ata fjlahi'Iht is much less tolerant of acid 
condition than is P . atr&purpumi? Axphnium ruta-mumria and 
A . moiitaiium He at the opposite extremis ies of the group in this 
respect; Umnpto&QTva rhhophynux and Asplenmm pitmaiifidwm are 
also widely separated; the three small Wood^his form a subgroup, in 
wliich II .. alpina is intermediate both in morphologic characters and 
soil reaction; and finally the two species of Cyat&ptvrU differ din- 
tinelly* and the two P&ly'podmmk markedly, in their soil preferences. 

On tile other hand, the two ferns listed* which the evidence indi¬ 
cates to fee recent hybrids, namely, A^deniitm rlcrwidw and A + 
t/mvetui 3,r ' do not differ essentially in soil requirements from their 
parents. It ss, accordingly reasonable io conclude that the greater 
the divergence in soil reaction of related species the longer time has 
been required for their development since their original separation. 

Perns o/ woods and nimmps . 1 *—The ferns to which this essay is 
devoted nre, on the whole* less sensitive to soil acidity and alkalinity 
tliuii those which grow on rocks* to which attention was directed 
above. It seems worth while, however t to place, on record what 
data have been obtained on testing the soils surrounding their roots, 
by the indicator method. The following design aliens arc used in the 
class column of Table 10 : 

m t ensel y acid: appearing to thrive only in mediae id soihs, 

A, acid; growing well in soil.- of practically all degrees of miditv. 
1* indifferent (relatively) ; appearing to thrive in both acid and 
alkaline soils as Jong as neither reaction is extreme* 

L, calcareous or circumneutrid; growing best in neutral or nearly 
neutral soils, though extending throughout what is termed the cir- 
cmnneutral range (specific aridity 10 to specific alkalinity 10), No 
instance hiss been observed of n species which will not grow in 
neutral or slightly acid soils if it thrives and is ordinarily found in 
actually alkaline ones. 

[iwl ***** ^ ™ ortflilAl It pDbllaM; wmpm Jim. ftai Joam , 

IQ, Ifc&U, 

u Atwtflcftd frot£j piper In Amef. rVra J^um. h n + JK1, 
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Tabij: 7.—fttrfJ rrorlinrj^ f)f fern* Qf irweM njkf Mtmivtpn. 
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iS*>« re«*fe» aW gwjrapkk rang *.-From the foregoing tabula 
non a will be **n that the fern of woods and swamps are, on the 
whole, 1^ particular than the rock ferns as to their soil ructions: 
m but a single ease, Ihyopterh GahHttna and its variety edsa, arc 
elo-sely related plants sharply coot rusted in optimum reaction. It is 
homver. noteworthy that the peculiar relation found to exist among 
. ferns ~ t J ,e {“^wne of acid soils by southern species and of 
cmumneutral soils by northern ones—is likewise well marked in the 
present series of plants. As the same sort of relation appears to hold 
..Iso With Other plants than the ferns, in particular with the native 

or. bids, it is sufficiently detinue to justify inquiry into its probable 
origin 
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Circiimneutnil reactions are shown by soils winch cither contain 
considerable amounts of utukcomposed carbonate minerals) are 
bathed by alkaline spring waters* or are so situated as to favor the 
accumulation of leaf mold. An arid reaction * on the other hand, 
tends to develop in soils which either lack carbonate mincrais H are ex¬ 
ited to the action of min water so that basic constituents become 
leached out. or are so located that peat can accumulate. 

In northern latitudes* or at high elevations, rocks disintegrate 
more rapidly than they decompose* and so p if the rocks at any locality 
thus sit tinted contain kij i table minerals in the first place* circusn neu¬ 
tral soils may develop. Glacial deposits are especially likely to con¬ 
tain undecomposed carbonate minerals, which the im has ground 
from rock ledges; and actual tests of the soils derived from such 
deposits in Pennsylvania* Xew Jersey* and the Nifw England States* 
have shown that even after exposure to the weather for many thou¬ 
sands of years* since the last ice sheet retreated, sufficient quantities 
of un decomposed minerals art' still present in many places to keep 
the reaction cmminneiitraL 

The territory left hare by the retreat of the great ice sheet must at 
first have presented nix almost, unbroken expanse of cireumneutral 
soils, and the vegetation which first occupied it accordingly com¬ 
prised only plants which thrive best in such soils. Although acid 
soils have developed subsequently in many places, and permitted in¬ 
vasion by plants adapted to growth under acid conditions, a con¬ 
siderable number of the original occupants still jksrsist, and are 
to-day classed as u northern H species. 

In more southern regions* on the other hand* decomposition usually 
outstrips disintegration, so that soils containing undecomposed car¬ 
bon ate minerals are relatively rare. Except where limestone out- 
cnqis or where leaf mold accumulates* therefore* the dominant soil 
reactions are inclined to be acid, and the plants, established there 
since long before the glacial period* have become adapted to growth 
in such soi Is, The favoring of ammmneutrril soils by northern species* 
arid of acid soils by southern ones, is thus connected with the geo¬ 
logical history of the respective regions, 

prtTDiEs on oaciu&H, 

The results which have been obtained in the study of the native 
orchids are hero summed up in a table similar to those used for ferns* 
the data from three previous publications being combined, 11 The 
species are arranged for convenience in several more or less natural 
groups, and are listed in each group in the order of increasing acidity 
of their soils. 

11 Tiw HOe&mi &r tar miu nupportlat thr pw ilk of eertiln urehjd^ lam, Wash, 

Arail, ScL, ft. 5P1. 1018 ; "Tibia IV In Sail re-*!* c t Eri»Cr*ir h rte.^ RfaAluti, 22, -lT r 1^20 S 
Tibia it la Uli iamtfaiu aa Utt fra!] ncldJijr of Ericaceae ftc. fc Proc. A <mA_ Nat, ScL p 
PhltoJripMu^ 1020, 110, A tnw «iabfl?qU«Bt additions tum* ilu been uito. 
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Afl with the ferns, the favoring of the more alkaline soils by the 
more northern species and of the more acid soils by southern ones 
is more or less distinctly brought out by this tabulation. There 
lire, it is true, u number of species of northern range with prefer¬ 
ence for acid soils, but on the other hand all of those favoring eir- 
cumneutml soils are northern; and without exception the southern 
species grow best in acid or extremely acid soils. The explanation 
is no doubt the same as in the case of the ferns, namely, that many 
species now called northern are those which occupied the eireum- 
neutral soils left by the retrea t of the great glacier in the northern 
part of the continent. Other northern species may represent later 
arrivals, acid soils having developed meanwhile; but southern re¬ 
gions have never offered sufficient areas of dreuiuneutral soil for 
species to become adapted to such soils there. 
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HTOUIKK GN WaCACEAX.* 1 

Practically all of the members of the Ericaceae arc arioso LI spe¬ 
aks* so do comparison between their “ doss ” and their geograhpie 
range can be made. Nevertheless it is of interest to tabulate the re¬ 
in tierne which they have been observed to favor ami to bring out 
the differences in the range of soil acidity shown by the various 
species. 
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CONCLUSION. 


In addition to the studies of plant groups above described, special 
problems of plant distribution have been investigated from the point 
of view of soil acidity. It bus been found |B that the vegetation awns 
of southern New Jersey differ distinctly in the acidity (as wvll as 
the salt content) of their soils, and this may well account for (lie 

w Correlation fc*t*ruij TrpPt&tUJCi, and wall mrlillti 111 MOtbrr& S>* Jimj, hw. AniL 
Nm. Sd- PhllftiJflpliLa. 1020, 113-110. 
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peculiarities of the flora of the Pine-Jhirren area, The presence of 
plants, often found in pent bogs, around the borders of salt marshes 
can likewise la? explained cm the basis uf soil acidity.* 0 

The application of these methods to the study of the soil for the 
cultivation of native plants has only just begun, but it has proved 
to grow u number of species ordinarily regarded us impossible 
to cultivate by seeing to it that the soli possessed a reaction approach¬ 
ing that which had been found to be optimum for the plants in 
nature (as shown in the tables above). By way of illustration of 
what tan be done along this line, two photographs of Shortia yotad- 
fftlut in the writer's garden are here reproduced on plate £ The 
upper picture shows how this plant behaved the first year after re¬ 
ceipt from a nursery, in which it had been grown in soil of a low 
degree of acidity (specilie acidity 3). The plant was placed in soil 
of specific acidity 100, and the lower picture shows what happened 
the nest year. It* optimum acidity is evidently nearer the second 
than the first specific uciditv. 

dlftribirtlM iifoiutf ult tatnbci la itUUW Ur «iil uchlily. Etnfccj. J, *3, Jflao. 
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PLATE 2 


S SHOATtA GalACIFOLIA GROWING <N NeuTMM* SOIL IK GARDEN OF THE 
Writer, Washington. D. C, 




£ the Same Flakt as Fiat.™. 
SyRACiD Soil. The Five-Fold 
PREFERENCE OF THIS PLANT FOR 


, AFTER GROWING FOft ONE YEAR IN 
N GREASE IK SIZE SHOWS CLEARLY THE 
_ _ SOILS. 






















THE CHEMISTRY OF THE EARTH’S CRUST . 1 


LJeNUY 5, WiiHllSgtftti, l fc H. D. r 

Pi'tntfQpi*l r Voophytical Latoratory, Carnc^c In*tmttoa of WfutiinQtwu 


iNTRnnutTios. 

The term 11 Crust of the earth n is a heritage from the i lays when 
the interior of the earth was generally conceived to he n u sen of 
molten rock/ 1 =it an eoomously high temperature, covered by a rela¬ 
tively thin t solid crust of cooled matter, Various cogent reasons, 
into the consideration of which we can not enter hare t have led to 
the abandonment of this concept, and we Mow have resison to hold 
the following tenets ns to the conditions that obtain in the earths 
interior: 

1. The Interior is essentially—or T at least, behaves cssentintly like— 
a rigid solid, though possibly a certain amount of viscosity may be 
granted* 

2. It b hot, but of an unknown temperature, and probably in¬ 
creases in temperature toward the center, with a gradient that is 
unknown beyond very moderate depths, and that is probably very 
different in different places, 

B. It is of a density greater than that of the “crust, inasmuch 
as the mean density of the earth as a whole h about 5.55, while that 
of the crust is about 2.77, as will be shown Inter. 

4. The earth, as n whole, acts in many respects as a magnet, and 
ns the rocks of the crust in general are not notably magnetic, this 
mav be Attributed to the characters or composition of the interior 
pm le rhls, 

5. From the sLudy of the propagation of earthquakes we are led 
to believe that there is a change in the physical properties at about 
0.5 of the radius in depth, the matter below this not transmitting 
transverse vibrations. Studies on the compressibility of rocte by 
Adams and Williamsom in the'Geophysical laboratory, indicate that 
the high density of the interior cm not be explained by compre^ 

by j*exmlnl<?n ff^tn Ittt JoaraaS <af tb* FrauMln tnldtote, Dumber, IBZn, 
fan J, paper pfr**arfd *t it nwetifttf et Uuf phyMo, and cbmUOT M* 

AM|. Mar. *, iaaa 
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sibility, so ttisit we have reason to think that there is also, toward the 
center, a change in actual substance. 

G. It lias been often suggested; and is more or less commonly be¬ 
lieved. from consideration of the density ami magnetic character of 
the earth and from the composition of many meteorites, that part, 
nt least, of the interior is composed essentially of iron, or of nickel- 
tron alloy similar to those which constitute the iron meteorites. 
Leaving the interior of the earth for the present we may con- 

centrum our attention on the outer slieil—the so-called “ crust ”_ 

which is the only portion that is directly open to our study, and 
which has been compared, with Mime justice, to a covering of slug 
or scoria oti-i the interior. In dealing with this we shall consider 
only its chemical characters, with, toward the end of the paper, 
some relations between these and the densities of rocks. 

The thickness of this crust is. of course, unknown, probably not 
uniform, and presumably indeterminate. Following Dr, F. \\\ 
Clarke, we may assume, for purposes of computation, an approxi¬ 
mate thickness of 10 miles (1(1 kilometer*), this being about the 
(minimum) aggregate thickness of all known rocks and deposits 
of the various geological ages that have become exposed to onr ob¬ 
servation and study through movements in the crust. Incidentally, 
it about equals the sum ? f the highest land elevation and the greatest 
oceanic depth, though no causal nexus is apparent, 

This solid crust is made up almost wholly of igneous ruck_that 

rock that, has solidified from a hot, liquid {“ molten ”) condition, 
either as u ptutanic” rocks, at different depths lameath the surface,’ 
or in the form of lava Hows at the surface. Assuming a thickness 
of 10 miles. Doctor Clarke 3 has estimated the rock composition of 
the vrast to be about as follows-; 

rtx*\w 

HhftlMi 

SrniilNtonro __ 

Limestones __ 


Fir wt. 
- ^Ti, 0 

— 4.0 
. 0.75 

0.2fi 


100.00 

.Such mosses as coal beds or salt and ore deposits are of negligible 
magnitude in studying the chemistry of the crust ns a whole, as it 
is purposed to do here, though thrir presence is nf some significance. 
The amount of the routing of soil is nbsofutely negligible from this 
point of view. 

^'hen wc take into consideration the oceans and the atmosphere, 
Clarke estimates the tithosphere at 1>3 per cent, the hydrosphere at 


‘Club*. F, W-. TbK ilHta of pMfctUtet** r. & Ooo| Rurr** Ball. So. «3, p, a* 109), 
Th< ‘ i>ropQriS(.ft or lentMU. «ck wonli bp .tin ppifr will mater uramd tbkhnMj « 
mt 













KAETH 's CRUET-WASIllNfiTHN* 


27 i 


7 per cent, and Ihe atmosphere at 0,03 per cent, of the complex crust. 
In the following piges, however, the hydrosphere and the atmos¬ 
phere and the sedimentary rocks will not be taken into account, and 
we shall consider the 4i: crust 11 as made up wholly of igneous rocks. 
This is the more justifiable for our present puijHises, because the 
mater hi 1 of the sedimentary locks has been derived entirely, either 
directly or indirectly, from preexisting igneous rocks, while tlie 
mctamorphic roeto (gneisses, schists, etc.) have been formed from 
either igneous or sedimentary rocks. 

When we consider* then* only the igneous rocks of the earth as a 
whole, we know that they are not all alike, hut show wide differences 
in their character^ chemical and physical. There are lu re two main 
questions regarding them to !*e considered* 

The first is: What is the average chemical coni position of the 
igneous rocks of the crust f The answer to this is of considerable 
importance for the invesrtigation of the constitution of the earth* 
and is also of interest, in the study of the roc to themselves—the 
sdenro of petrology* 

The second question is: Do the igneous rucks taken as a whole, 
show sensible uni fortuity as to general characters, or do they differ 
noticeably in different portions of the earthy surface? That is* is 
the earth’a crust sensibly alike or unlike? 

Attempts to answer these questions* with some consequences that 
seem to follow from their con si deration, will form the chief topics 
of this paper. 


SEVERAL CUAfiAOTEHS OF ICJTEOUfl Km'KS. 

For present purposes we can not go deeply into the characters of 
igneous rucks* nur discuss them all—a subject that has produced a 
very voluminous literature* It is needful here to present only some 
of the salient and pertinent facts* 

Igneous rocks* as has lieen snid* are those lhat bore solidified 
from a state of fusion, or rather liquidity* fis the term w fusion n 
implies a previous solid condition. The liquid matter, that even¬ 
tually solidifies as a rock* is called technically the 44 magma,” a term 
that is in frequent use in petrology. 

The magma comes up from below; from what depth we do not 
know* though there is some reason for thinking t lint the places of 
origin are not very deep. Xor do we know whether it arises from 
the melting of portions of the earth (hat arc actually solid but 
potentially liquid on relief of pressure, nr whether it is, in general* 
derived from “ reservoirs 1f of liquid magma. 
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The igneous miigmit may he compnred, as it usually is, to ft com¬ 
plex solution of salts in water. This idea, which was first suggested 
by Bunsen in I-SCl, is of great imports nee. and has been eery 
fruitful in our study of tlie origin, formation, and characters of 
igneous rocks. 

Among other things, it may l* mentioned here that the magma 
contains various gusts in solution, numb as air is present in solution 
in spring water, or, rather more appropriately, us carbon dioxide 
is present in the waters of tnunv mineral springs, so that it escapes 
on relief of pressure, 

Uf these gases by far the most important, anil gone rally the moat 
abundant, is water vapor. This forms the major part of the clouds 
that are given off during volcanic eruptions, and, with other gases, 
produces the spongelike structure of pumice ami the cavities of 
vesicular lavas through expansion, caused by relief of prestore on 
reaching the surface. In some glassy lavas water is present to the 
extent of several per rent, the magma having solidified so rapidly 
as not to permit of its escape, and inclusions of visible water and 
liquid carbon dioxide are present in the crystals of many granites 
and other rocks. The presence of water in volcanic magmas has 
been doubted by Bnin and others following him, hut its existence 
in lavas, especially those of hllmtcn, has been shown conclusively bv 
the researches of Day and Shepherd,* is shown by practicallv every 
rock Analysis, and in other ways, so that the existence «f water in 
magmas may bo regarded ns one of the established truths of the 
chemistry of igneous rocks. 

Besides water, other gases are often present in volcanic ex¬ 
halations, such as carbon dioxide, carbon monoxide, hydrogen ehlo- 
ride, sulphur trioxide and dioxide, hydrogen sulphide, hv<irogtn 
fluoride, ammonia, methane and possibly other hydrocarbons, sul¬ 
phur vapor, hydrogen, nitrogen, oxygen, argon, helium, und other 
rare gtsts.^ The study of these and the bearing of their inter reactions 
on the maintenance, and possibly tbe partial production, of volcanic 
heat, is an interesting subject. 

The presence of these gases in the magma lower? its solidifica¬ 
tion point, so that a lava, on coming to the surface, may be, and 
usually is, liquid at a temperature renstdenibly below the fusing 
prnnt of the solid rock formed from it, during which solidification 
much, if not most, of the dissolved gas is lost. Either because of 
or because of the lessened viscosity, or in some other way that 
** not yet well understood, the pises contained in the magma seem 
to promote the crystallization of minerals, so that they are often 
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referred to as “mineralizers, 11 These gases also play an important 
part in tlie formation of many ore bodies. 

The magma on solidification generally forms a mixture of minerals, 
substances of definite chemical composition, and physical characters, 
just us a solution of salts in water (such as sea water), forms a mix¬ 
ture of crystals of salts and ice on freezing. The exception to this 
is when the cooling of the magma lakes place too rapidly for com¬ 
plete or (as with the obsidians) any crystallisation, in which case 
the rock is composed parti)' or wholly of glass. Such glassy rocks an* 
found only as surface Hows, 

ttlXKUAl, 00ItSTTTUESTS OF BOCKS. 

It is a very important and striking fact that, although about 1,(100 
I surer cut minerals are known, yet the number of the different kimlB 
that compose by far the great majority of igneous rock-—certainly 
over !)0 per cent by weight of these—is very small. Indeed, the really 
important and essential igneous rock-forming minerals, number only 
about u dozen. 

These essential minerals are quartz, silicon dioxide; the feldspars, 
silicates of alumina and potash, soda, or lime, including the jmtassic 
ortho*;] use, thesodic albitc, ami the calcic anorthitc, with igomorphous 
mixtures of these; the pyroxenes, metasilicates of calcium, magne¬ 
sium, and iron, with aluminum or sodium in sonic cases; the am- 
pliiboles, in chemical composition much like the pyroxenes, hut differ¬ 
ing in crystal form and otherwise; the micas, aluminosilicates, for 
the most part the pot ass ic muscovite or the potassium-iron-magne¬ 
sium Uiotite, both containing hydroxyl; the olivines, orthosilfcates of 
iron and magnesium; nepbclite, an ort.hosiJicoto of sodium and 
aluminum; leucito, a motasiticate of potassium and ahtminum; mag¬ 
netite, ferroso-ferric oxide, often containing titanium: and apatite, 
a phosphate of calcium, containing a little fluorine or chlorine. Mag¬ 
netite and apatite arc present in almost nil jocks, but seldom in more 
than almost, negligible amounts. 

Other minerals are not infrequently met with in certain types of 
igneous rocks, such as the silicates sodnlitc, huuyne, mclilUe. zircon, 
nod garnet, and the oxides tridymite (a second form of silica), ilme- 
nite. chromite, spinel, corundum, and rutile. But, considering igne¬ 
ous recks from the standpoint of a study of the whole crust of the 
earth, these are practically negligible. Igneous rocks, then, in gen¬ 
eral, and looked nt in the broadest wav, are constituted almost wholly 
of a very few silicates of aluminum, iron, calcium, magnesium, 
sodium, potassium, and hydroxyl, with or without quartz (that is. 
excess of silica), with small amounts of a phosphate and of iron 
42S03*—22-18 
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osido, unit with or without tracts of other constituent?, ft is also to 
bt noted that some of the essential minerals enumerated above (the 
pyroxenes, amphiboles, micas, olivines, and the magnetites), contain 
^mall amounts of manganese and titanium. Prom soch a general 
furi’t-y of the roqk-formiag ndnertik, then, we obtain tho broad Hnea 
of the chemical composition of the enrtlvs crust as a whole. 

Another important fact concerning the igneous rock minerals is 
lhnt T v. ith two dxcfptmn^ any one of them may occur in nxdcs with 
any one or more of tho --there. The only exceptions to this are that 
neither nephelite nor louche is known to occur along with quartz, 
and a partial exception is th.it olivine seldom occurs with imart*. ni.d 
never in any large amount. Discussion of this and other relations 
between the various minerals would j eat I to a Mumdcratirm of mutters 
outside of our present scope, and would trike t, 5 too f ; „ afield 

Each nick mineral may he present in very- widely varying pro pur 
trails from practical totality to complete absence. We know Lmeota 
rocks that art* composed entirely of quart, fkrizomte), feldspar 
(anorthosite), pyroxene (websterite), am phi bole (horttblendite). or 
olivine (dumte), and almost entirely of neptwlite (conj:r,-site) 
leucite (itnlrte), or magnetite (some iron ores). Of the essential rode 
minerals only the micas and apatite do not form the whole, or almost 
the wnolB t o f any igneous rock. 


From totality of any one mineral we find nx-ks that are composed 
of two minerals more that are composed of three, and still more (hat 
are comped of more than three, and with the widest possible varia¬ 
tions in lie proportions of almost all. with the exceptions noted 

above a* to the nou^owwtence of quartz with nephelite and leiidtc. 
and its rarity with olmne. 


f TCEAflUAL GQNHOTTtJEHra t>K IGJfZOrfl IHX7KS, 

fin Ik^T T 1 ® ? f ' uhl n ™* ?,ir lhat th* various oxides 

« Mf ?Tf f h i' Ch he dieJni ™ 1 et,m I m sitiou of rocks b usually for¬ 
mulated) may be present in widely different amounts, and. within 
mute, tins IS found to be true. All of the constituent oxides have 
wry remsiderebJc quantitative ranges, but these differ much with 
11.0 different oxides. Their possible or recorded maxima are also 
very different, though in every case the minimum is reached with 
onupicte absence. These ranges and maxima will he stated later 
«ft« a brief dim*™* of the oxides that go to make up the ignedu* 

Though, ns we have seen, most igneous rocks are composed of but 
few essential minerals, and consequently of but few so-calted “ maior ” 
oxidi-e, yet When we come to study them In detail w e find that a very 
considerable number of different chemical constituents may t pUent 
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in the different rocks- Altogether, about 23 are to be found, and aro 
more or tees commonly determined and recorded among the better- 
class rock analyses. Indeed, as lias been said by Dr. W. F, Hillfr- 
brand, the foremost analyst of rocks, ,4 n sufficiently careful exami¬ 
nation of [igneous] racks would show them to contain alb &r 

nearly alb the known elements, not necessarily all in a given rock* * 
but more than anyone has yet found.” Proper study, t he refore, of 
the chemistry of igneous rocks* and their chemical analysis, if this 
he complete as to the determination of all the constituents probably 
present, is evidently a somewhat com pi seated matter, and one not 
without difficulties of various kinds* 

From the many chemical analyse® of rocks that have been made 
since this was first attempted very early in the nineteenth century 
(the total number of published rock analyses is now about 12,000), 
wc have it good bleu of what chemical constituents make up rocks, 
their relative abundance, and their various ranges in penenia£e + 

By far the most important and generally the abundant are 
what lire called the " major” constituents. These arc nine in number 
and* stated as oxides, sire: Silica (SiO^), alumina (A^O,), ferric 
oxide (FejOg)^ ferrous oxide (FeO), magnesia (MgG), lime (CaO), 
soda (Na-O), potash (K,0),aml water (H 3 0)** Together these nine 
oxides make up about 98 per rent of igneous rocks* and all of them 
are present in greater w less amount in practically every rock, $o 
that the amount of each must be determined in every chemical anal¬ 
ysis of a rock that makes the slightest pretense to good quality. 

Am the most abundant and essential rock minerals are either silica 
or silicates, find as all igneous rocks, with the exception of some rare 
and small iron ore bodies of magmatic origin, ore consequently sili¬ 
cate rocks, silh a shows easily the highest maximum ami the widest 
range, both in extremes and in the usual run of occurrence. A few 
igneous rocks are known that are composed almost entirely of quartz,* 
and the highest silica percentages recorded for igneous rocks are 
08,77 and 97,65, in rocks from the Transvaal, while one from Cum¬ 
berland (England) T the border facies of a granitic moss T shows 96,15, 
one from Massachusetts shows S$ji8, and one from Arizona 92,59, 
In general, however, the percentage of silica ranges from about 75 
to about 34^ and it drops to xero only in some fc; magmatic ” iron-ora 
bodies. In almost nil rocks it is the most abundant constituent. 

Alum inn, which h almost invariably the next most abundant 
constituent, reaches a maximum of about 00 per cent in some corun¬ 
dum-bearing syenites from Canada nail the Urals, and has a general 

+ Till* anfrr tv not QulE^ IliBtflf relative ftfounrlauw, but thut wtilrh L* rnmmcinly iiaod; In 
the Mamncut fff rw?k n&ulri^ 
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range from about 20 to about 10. It is wholly absent only in the 
M magmatic" ores and in some rocks that are composed entirely, or 
almost so, of olivine. The two oxides of iron reach, of course, their 
maxima in such rooks os the iron ores already spoken of; 4 the 
highest figures recorded for Fe*0« 1 icing 89.41 (Sweden) and 62.89 
(Ontario), while for FoO they are 34.58 (Sweden) und 32.f>2 (Min¬ 
nesota), Their general range is from nearly 15 for each (FeO gen¬ 
erally higher than Fe.O,) and but little more than that for both 
together in any one rock to loss than one-half of 1 per cent. Iron is 
seldom entirely alwent. 

Magnesia teaches its maximum in the almost purely olivine rocks 
(dunites) of North Carolina, 48.58. and of New Zealand, 47.38, but 
its general range is from about 25 to much less than 1 per cent. 
Lime is highest (22.52) in some pyroxenites of the Urals and almost 
os high (about SO) in the anorthosites of Canada and elsewhere, hut 
it ranges in general from about 15 to nearly zero. 

Of the two alkalies, soda reaches a maximum of 1D.4S in a rare 
rock from Canada, and of 19.67 in another from Turkestan; hut its 
general range is from about 15 per cent down to nearly zero. It is 
hardly ever entirely absent* Potash shows a somewhat smaller range 
than Soda, it* maximum being 17,94 in a recently discovered lava 
from Italy, the next highest figure being 11.91, from Wyoming; but 
in general it seldom gets above 10 per cent, ranging from that down 
to zero. I ts amount is generally less than that of soda. 

As regards water, the last of the major constituents, a few volcanic 
glasses are known which, although jjcrfeetly fresh and undecomposed, 
contain up to 8 or 10 per cent, and there arc some fresh crystalline 
rocks that contain from 3 to 5 per cent. Generally, however, if a 
rock contains more than about 2 per cent of 11.0 this can usually be 
attributed to alteration, though few rocks are quite free from this 
constituent. 


After the major come the •* minor 5 ' constituents, which are almost 
always present in very small amounts, seldom over 2 per cent for any 
one, or rarely up to 5 per cent for all of them, in any one rock. Of 
these minor constituents three are of special importance, partly be¬ 
am*? of their almost constant presence and parttv because they are 
generally present in largest amount. These three are titanium diox¬ 
ide. phosphorus pen (oxide, and man go nous oxide, and all three should 
be determined in a good rock analysis. 

Titanium dioxide (Ti(X) reaches a maximum in some very rare 
rocks from Virginia (69.67 and 65.90) and Quebec (53.35), but as a 
general thing its percentage is seldom over 5, and b mostly from about 
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2 to nearly zero. Of the many rocks of all kinds that X have analyzed, 
there lias not been a single one that did not eon tain titanium, in some 
cases in very small, but always in easily determinable, quantity. This 
La also the experience of Doctor Hillebrand/ and probably of every 
other experienced analyst of rocks. 

The maximum fur phosphorus pent oxide (r*,O s ) is but a little above 
1C per cent in some highly unusual rocks from Sweden and Virginia, 
that are composed largely of apatite, with titaniferous muguetite or 
rutile. In few nocks, however, is it above S per cent, and its general 
range is from about 1 per cent to zero. It Joes not seem to be present 
so constantly ns titanium (or manganese!, as one occasionally meets 
with a rock that shows no trace of it, though this may be because 
of die more delicate tests for the other two. 

Manganese, as manganous oxide (MnO), is present in practically 
every rock that has been analyzed, but its maximum is much lower 
than those of titanium and phosphorus oxides. Some, if not most, 
of the high figures reported for it are almost certainly due to analyt¬ 
ical errors, and the highest recorded figures that arc trustworthy are 
1.00 and 1.40 in two rocks from Bahia, Brazil. Its general range is 
from 0.3 per cent to nearly zero. 

Tim other minor constituents that arc readily determinable, and 
many of which are indeed determined in good analyses, are quite 
varied- The list is as follow's: Carbon dioxide (CO-), zirconia 
(ZrO.), chromium sasquioside (Cr t O,), vanadium sesquioxide 
(V*Oi), the “ ram earths’’ ((Co, Y) ,0,) , nickel oxide (KiO), stronti* 
(SrO), baria (BaO), lithia (14,0), sulphur as both sulphide (8) 
and sulphur trioxide (SO,), chlorine (Cl), and fluorine (F). To 
these might be added boron, cobalt, copper, glucinium lead, molybile- 
num, nitrogen, and zinc, which, however, are present almost always 
in such extremely small amounts, or the analytical difficulties arc so 
great for the scpariiLiuu of the small quantities in which they occur, 
that their determination is rarely attempted. 

The maxima and ranges of some of these may be briefly stated. 
Cnrbrm dioxide may be present, ns a component of a few minerals 
(ns in primary calcite and concrinite), in some unaltered reeks; but 
its presence Is generally due to alteration. In one calcite trachyte 
from Spain its amount is 7.69 per cent, and in ca Hermits rocks it may 
reach about 1.7ft, the carbonate minerals in these being apparently 
primary. But it is generally considered as a measure of the alteration 
of tho rock by weathering, 

Zirconia is much less abundant than the closely related titania 
and, though it reaches a maximum of nearly 5 percent in some Green¬ 
land rocks, in general it seldom is over 1 per cent, is usually much 
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teas, and is quite jiliscnt from most rocks. It forms, by the way. one 
of the most striking; illustrations of the correlation o£ the occurrence 
of different elements in different kituk of rocks, us will be brought 
out later. 

Baris and sir otitis are very commonly present, though they are 
scldoiij determined in analyses made outside of the United States, 
l an ad a, and Australia. In almost every case the amount of burin 
is much greater than that of strontia, this being an exception to a gen* 
era! rule as to the occurrence of related elements, to lie mentioned 
later. Ihey both reach their maxima in certain exceptional, highly 
potassic rocks of Wyoming, of about l par cent for bario and 0.3 
for strontia; though usually barn is present up to but a few' tenths 
of one per cent, and strontbi in hundredths. 

Sulphur, an sulphides,is present up to about 0 par cent in a peculiar, 
pjrrhotito-bearing rock from Maine, ami probably in similar amounts 
in some sulphide ore bodies of magmatic origin in Norway, which 
hare not been fully investigated. Hut. its a. rule, its amount is seldom 
over 1 or 2 per cent, and is usually in tenths of a per cent. The 
highest figures for sulphur (rioxide are about 2,5 per cent in rocks 
from Apulia and Kamanin, and somewhat lower on Tahiti, hut 
these are exceptiomd, and it is usually present only in tenths or 
hundredths of a per cent. Much the same can bo said of chlorine* 
the highest figures for which are those of a rock from Tmkcstan 
(about <)i one from Quebec (4.47), and one from French Guinea 
(2.80). It is present in many rooks, especially lavas, but only in n 
few tenths or hundredths of a per cent. 

Chromium sesquioxidc is known ft) be present up to about 4 per 
cent in some ores from Graces, wliich are probably of magmatic 
origin,, and is reported as between 2 and 3 per cent in some undoubt¬ 
edly igneous recks from Baden. But these are highly exceptional, 
and about, 0.& may to taken as its usual maximum, It is generally 
entirely absent Vanadium tjesq dioxide is always present in much 
less quantity and is usually quite absent. Tin? oxides of the retro 
furili metals, chiefly i*rin and yttria, reach a maximum of 1.79 in u 
run 1 tyjw of reek from Madras, 0.0 in one from Sweden, and 0,4 in 
one front the islet of Rockali, but the usual maximum is only one 
or two tenths of 1per cent. They are less often determined* than 
they should lie. Nickel oxide is present in some recks up to about 
0.2 (Hjr cent. The maximum amount of each of the other minor com 
Btituenta may he placed at not over 0.5 per cent, and they are almost 
always found only ns ode or two tenths, or still more often as 
hundredths, of a per cent, or are absent. Indeed, for most of the 
minor constituents the quantities usually yielded by analysis are so 
small as to l« significant only as to their actual presence or absence. 
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A few words may be said of boron, glucimim (beryllium)* ami 
scandium, as these enter into a later phase of the subject The an¬ 
alytical difficulties: involved id (heir deternunation, for the extremely 
small umotuite that fire present, are so great that the percentage of 
these Ls seldom recorded for any rock. Yet they are all known to be 
rather widely distributed among the igneous rocks, boron in tmmoa- 
line, glurinum in beryl, sind both in some other rarer minerals, 
while the widespread occurrence of scandium among igneous rocks, 
though Lei very small amounts, bus been shown spectroscopically/ 

Tire AveiLum igneous hock. 

We come now to the consideration of the average chemical compo¬ 
sition of the earth's crust—that is, of all igneous rocks. Apparently 
Dr, Fi W, Clarke was the first to undertake this estimation/ basing 
bis coneludons largely on the numerous analyses that bad been made 
by the chemists of the United Stales Geological Survey. Since then 
he imd others* Harker, Menncll, Knopf, Mead, and the writer* have 
published Other estimates, which* it may be said here* do not differ 
greatly the one from the other. The latent discussion of this subject 
is to be found in tile last edition of Clarke T s Data of Geochemistry, 
where numerous references to the literature are given. 

The true estimation of the average chemical composition of the 
igneous rocks is by no means such a sample matter m it may appear 
to be at first thought, and, before we deal with it it will bo as well to 
state very briefly some of the disturbing factors that are involved. 
The matter will be treated in greater detail In a forthcoming paper 
by Dr. Clarke and the writer. 

In the first p!see a we know- but little of the exact chemical charac¬ 
ters of the igneous rocks of many districts of the earth. This is true 
of the great continents of Asia and South America, us well as of 
Africa and Australia, in all of which we have for the most part a 
knowledge only of the rocks more or less near the coasts and know 
only in a general and very imperfect way the rocks that constitute 
the vast expanses of the Interior portions. The s&me ignorance, 
either total or partial, holds true for many countries, such as Chin a. 
Arabia, and even Brazil, India, Egypt, and Spain, in which the 
number of analyte- is quite disproportionate to the number and 
iiisissea of igneous rocks that are known to occur. A most striking 
example is furnished by the West Indies, where, of the igneous recks 
of the otherwise well-known and readily accessible larger islands 
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©I Cubttj Jajxtaiea, I oito Rloo T situi Haiti; we <]ti not pewsoss u smiflu 

oxmlyra 

Most of tL « countries of Europe are well represented, but for the 
” <}St pEtrt mth JlHt vei Y complete analyses. North America is well 
known, especially as t>. the rocfe of the United Slates and southern 
t-auiidu. The analyses of both these countries are of exceptionally 
3# quality. Parts of Australia, especially New South 

" ales, % ictorui, and Queensland, with New Zealand, are well repre- 
““f' 1 ’ as is also British Guiana, and it should be said that the 
analyses of Australia and British Guiana rocks arc almost the only 

n!*« w»tl *»? S 11 'Vi'rr™ com l Jlir ^blt; as to accuracy and complete- 

ot SjlSS ft i v Which hf ' ltJs :i prominent posi- 

cal ls,!rv t y y i h *” ° ^ ch * m]sts ot lIl “ United States Geologi- 

n ,~i!T!f ^ d ° r: 0ne that baa *** ^Ivaneed 

eamit thc representativeness of the estimates of the 

a vernge composition of rocks, is that the true relative amounts of 
various rucks are not properly represented because of the selection 

*f It , IlM happened that the 

petrography has had analysed rather thc rare or most interesting 

*"* *g" tl ' nn 1 those which, though much more abundant in the 
region described are of more usual character. While this is often 

vo^Sl 1 ',: 1 ^ j 9i>Wll ‘ l ? oUu ° f View * is “Imost justifiable, 

>et tcitandj may involve a senous disturbance in the estimation 

of the composition of tho crust as a whole. This k so, became die 
ino-rt interesting types often ipso facto, arc much less abundant than 
the common one, so that, as regards the relative masses of 
noiLs kinds of rod® m any given region, they arc disproportionately 
represented. It is needless here to .dy e esan olc^ nKT J 

^“ flnyl * ™ ullJ lead us fBr »*0 the teci ini call ties of p'tro^ 

JCrti T iS | a ; rilJ ^ » entitled to consideration, 

, ™ ! 1 Sccm * ™ dclail «I examination, not to he of the over¬ 
whelming character that is often ■Urihutoi *« it r . - , r 

&rr* 

tin- t rue me-m « 7. * ° ““J™* 0 "’ «* *> to approximate to 

ties that could be citron] v tlaT' *** °\ eS , iimpJps frt ™ »“? locali¬ 
ty?^ have been analysed, chiefly bZ of tZ U l>tami ™ Dt , 
making chemical analyi of racks ^ r ,'° r ° r * f 

elsewhere, the more “basic” reekwh t"‘ "iu* 1 J*™ P° lfttetl out 
*Uica .ad highest in r n SfctZl?*" ff ** 1<WBSt in 
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eluded from the data selected for our purpose, for which only an¬ 
alyses of fresh and unaltered rucks are considered. 

These, and other confide rut ions that might he mentioned,, tend to 
mimimize the rather prevalent idea that the averages, such as have 
been calculated in former years by Dr. Clarke and me, are not 
strictly representative, in that the wed-known apparent preponder¬ 
ance of granitic racks Is not sufficiently emphasized. Attempts have 
l^eea made by some to correct such errors by weighting the average 
analyses of the various rock types by their areal values. 11 Such a 
procedure, however, is open to two objections: As much weight is 
thus allowed for lava flows, of manifestly small vertical extension, 
ns for massive intrusive bodies presumably of much greater depth; 
and, as Clarke points nut, “the surface exposure of a rock h no 
certain measure of its real volume and mass, for it may be merely 
the peak or crest of a large formation*™ 

But the serious objection to any such attempts at correcting what 
may be, and often admittedly are, defects in our data, is that they 
introduce unduly the personal equation, and thus may, or are likely 
to, introduce other errors of unknown and indeterminate magnitude. 
As has been shown very briefly above, we are as yet in great ignorance 
as to the igneous rocks of a large portion of the earth T s surface and 
crust, and it would seem to be the philosophical attitude to admit tins 
and, ns Dr, Clarke sa says, “do the best we can with the available 
data. T They are admittedly not ideal, but an attempt to belter 
them, ut this stage of our knowledge, is more likely than nut to make 
n u bad matter worse." Let m be philosophical Italians for a mo¬ 
ment. and say with them, K Ci vnol pnzkma. 1 * 

Apart from such fundamental considerations of the character of 
our basal data as have been all ton briefly touched on above, we meet 
with others when we come to consider the analyses themselves* So 
analyses arc ideally perfect, either m to accuracy or completeness, 
but, while it is obviously the desirable procedure to exclude from our 
data rock analyses that may not he up to the ideal mark that we 
may set. yet, by so doing, we shall inevitably reduce the numlier of 
om date so sg probably to more than offset their excellence in quality. 
We should have and use, of course, only lituilysra that are perfectly 
accurate and complete as to the determination of all the constituent# 
that may be present. But, ,l hu manure cst curare," and so we must 
here also “do the l>est we ran with the available data ” excluding, of 
course, from consideration analyses that arc manifestly had. Con- 

» Tint?, S. A,, Tfliwni Ilwkn an-3 Thftr Origin. N-hw Varfc. Ml*, tip. ]W| 1 Oft-lTO; omt 
K nvv(, A., JfHjr, G**L h jleIK. p r 17± MI t. 
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sidsnlion of this topic would fond us too fur astray font it will Ik* 
found discussed dsevltcn." 

It mny also \>e mentioned here that, as some of the minor con¬ 
stituents are, in the course of analysis, precipitated and weighed with 
«it tiers, nml ure later determined separately and subtracted from the 
previous total figure, if these are not determined the figure for the 
main constituent will be too high. Tins fe notably the ease with 
alumma, with which are precipitated and weighed the oxides of 
titanium, phosphorus, rare earth meinls, zirconium, chromium and 
vanadium, with often some manganese. If the analysis is not com- 
pfote as regards these constituents, therefore, the figure for alumina 
will be too high. 

As hits been said above, the average composition of the igneous 
rocks has been estimated by several petrologists—Clarke Marker 
I^cwinson-Lcssing, Daly, Knopf, Mead, and myself. Clarke based 
h ts earlier rati mates very largely on the analyses of roeks fmm the 
united .dates, its did Knopf, while Marker's average was of rocks 
from Great Britain alone. In his latest estimates Clarke included 
rocks from ail over the globe, „ s did I in my own computation. This 
nl**> was the basis of Daly s and Mend’s computations, though in botli 
their estimates, which were founded largely on personal selection of 
what confuted “Jypea” of various rocks, the personal equation 
enters somewhat unduly. As we shall see later, continental averages, 

f n u t 18 f ( f m rP " t0nQl iUta - too much to l je repre- 
sentatire of the average compoaition of the whole « crust” P 

I he basis for the present, and latest, estimate was the collection 
u rock analyses that has recently been published.” This includes 
praeticaUy all the mmly^of igneous rocks, from all over thy earth 
Unit have been published between 1683 and 1813, inclusive 7W 
amount to 8,60*2 analyses, of whirl! of fresh !n ! T 

aulered to 1* “superior”^hat is ^ ^ CUn ; 

completeness. Only these 5,139 analyses wet^used* 0 ^ CU ^ acy “ n<l 
tions of the various gycteifps for the whnl* * ' iB coiajnita- 

St --*5 •* ** 

( Iftrke during the simmer of l&lfl T n i,: n T ■ , ; * ”* 

r,,r »■* «r i-M^. 3 S«’^iSKRSKf 

pre^ my great appreciation of his kindness in DemfttWthl ™ I 
publication of .oo,. „f his raulli . „ ^ ^ ' I h ,', 
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Table I.—AvfflQ* roniptezlUon of the mrih*# amti. 
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In Table I there b given the most recent calculation of the average 
igneous rock, together with three of the most important of the 
earlier estimates. As regards No. l p it is to be noted that the figures 
for the main constituents. from milieu to water, inclusive, were 
arrived at by dividing the suing total of the various determinations 
hy the whole number of analyses, an all of these constituents were de¬ 
termined in all the analyses used* For the minor constituents, from 
titanium dioxide to Lithium oxide, inclusive, the figures given are 
the means of the sums total of the various constituents divided by the 
winile number of analyses and also by the number nf determinations. 
The former would presumably give n minimum and too low an 
average and the latter would probably be too high, while the mean 
\Y<>uId 1 ie probably rather nearer th e true %ure. TJ iis mutter has I >een 
discussed by (larke and by me elsewhere, and will be enlarged on 
further in tiur joint publleatiom The figures given here should be 
considered as provisional, as adequate discussion of their relative 
merits is not called for here. The figure tor fluorine is almost cer¬ 
tainly too high, ns arc probably those for chromium, hurl uni. and one 
or two other oxides* while possibly that tor carbon dioxide is a 
trifle too low, 

from Nil 1 it will be seen (and toe saute is approximately true 
of all the others) that the first nine oxides (from silica to water* 
inclusive) constitute 08 per cent of the whole, and that these, with 
the oxides of titanium, phosphorus, and manganese* up to- 
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gether J'fi.-in 5 * per rent of the crust, leaving only n trifie more than 
one-haJf of 1 per rent for all the other oxides. 

FiiiiP we see that in round numbers silica is the most abun¬ 
dant. and constitutes about six-tenths (nearly two-thirds) of the 
mist! alumina is next—a very poor second—slightly more than one- 
seienth; then the two iron oxides, together about one-twelfth! 
lime, about one-twentieth; soda, about one twenty-fifth; magnesia, 
aliotit one-thirtieth: potash, about one thirty-third; water and titim- 
iujii dioxide, each about one one-hundredth; phosphorus pentoxide, 
about one three-hundredth, and manganous oxide about one eight- 
hundredth, while carbon dioxide is alwuit one one-thousandth. Each 
of the others is notably ]c&i than one one-thousandth. It will be 
observed that in the list, which includes all the constituents that may 
be commonly determined in really good and complete analyses of 
igneous rocks, neither copper, lend, tin, nine, mercurv, silver, gold, 
platinum, arsenic, antimony, nor several oLher of the elements com- 
nmn i used in daily life are represented, The only common metals 
shown are iron, aluminum, manganese, and nickel.* This is a rather 
important point that will be adverted to later. 

In order to form an idea of the actual rock that a magma of this 
averugv composition would form under normal conditions we must 
calculate, from the data given by the analysis, the presumable actual 
mineral composition, or the “mode” as it i 3 technically called. 
Jhm- are two general and important conditions controlling the 
products of solidification that may bo considered. The magma nur 
Iwvo solidified, at conaderabte depth, slowly and under great pressure; 
" r if may have solidified, os a Java Dow, on the surface; that is, 
rapidly ami under low pressure The former would furnish what 
1* called a plutonie rock (ns a granite or a gabbro), eud the latter an 

a rll tf f°. or 11 Wt ); the different conditions 
of solidification would bring about certain changes i n the mineral 
composition of the resulting rock. 

Such a calculation leads to the following results, which are to be 
considered as only approximately correct, as variations in the mode, 
o slight extent but in different directions, may be brought about bv 
JgM ramtions m tbe conditions of solidification. As a plutoni'e 
rw L 010 rail ^ ,a *ould form a so-called gronodiorito; that is. a rather 
35K3# ******* like many granites (and 

llZZlTF' b r bl S ei ° r bi0liUi ' ^ snudi amSSof 

ma™* ™„m ^ conditions, the 



eabtb cbust—WA smufforoir* 


285 


micro^-opetl^groundtnn^ VtOuIlI show feldspars, pyroxene (or horn¬ 
blende), unrl possibly a little quart?., with small gTams of magnetite 
anil apatite, and with or without glass, according to the rapidity of 

roofing. 

Stated in quantitative terms of tt modal w or actual minerals* the 
rocks would have probably the following approximate compositions; 


An^ivCN^Ydi^pBr^r 
OrUKriaw (K. Mdupug. „« T 

HnTtaL'j^uitf an il buitiifi_ 

Prraw»—.—— 

Hfcfnrfttr..___ 

ApaUCn.... 



fl^/Dnr AchT«- 
dJwILt, ill*. 



It will l>c seen that, in cither case, the average rock would lie com¬ 
posed entirely of the most common minerals, n$ is to be expected, with 
the exceptions of olivine, ne ph elite, and leu cite, which are much less 
often met with nod which, furthermore, are not found in rocks with 
an excess of sides, us is true of the average reek. Inasmuch ns the 
average rock would have been formed at some depth beneath the sur¬ 
face, tiie average crust may be considered to lie a gra nod in rite, with 
the general characters and mmeralogical composition dcscriljod 
briefly above. The fad, however, must not 1« lost sight of that locally 
the crustal rock may vary within very wide limits, as will bo pointed 
mtt later. We are dealing here only with the average of the crust 
as a whole. 

Wo may examine the chemical composition of the earth's trust in 
greater detail and, as has been done by Clarke in the papers cited 
above, reduce the figures of the analysis to the form of the component 
elements. The results are given in the annexed Table II, there being 
here presented, not only the elementary constituents of the average 
rock given in Table I, hut in addition data showing the relutivt* 
abundance of some other of the more important elements that ore not 
I isiio I ly, or i ndoed are never, dete rm i tied i n the a nalyscs o f rooks. The 
data for these are taken from estimates by Vogt, Do I*aiuuiy, and 
Kemp, with additional data by Clarke and Steiger for a few, and some 
additions and changes in relative position based on my own studies. 
An “ x " means a digit in the respective decimal place or places. The 
elements are presented in their order of relative abundance. This 
estimate is to be regarded as provisional. 

This average, it must he repeated, does not include the sedimentary 
rocks or constituents o f t he hydrosphere or of the atmosphere. Clarke 
has included these in several of his estimates, and his latest shows 
that the percentage, on this basis, of oxygon is 50.02, of silicon 25.90, 
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of nhiminum and of the other most abundant elements in simi- 
krly slightly less amounts than in Table II* Wheu thus reckoned 
chlorine and eurbon fall in between titanium and phosphorus, with 
percentages, respective!v. of 0.29 and 0*18, while nitrogen appears 
lietmwn chromium and rirconimn wi(h u percentage of 0 . 03 , 

Leaving these refinements out of consideration here, there itro some 
striking features presented in the table to which attention may bo 
called. The first is the appearance among the abundant elements of 
some that are usnully counted us rare. Among these are especially 


Tabus II—2“A: chief element t in the earth-* rrmt in onler of almMotUx. 
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titanium, burimn, chromium. amsAiuni, vanadium, nickel, atrontium 
and lithium, with copper, cermm. glucinum, cobalt, and boron among 
those to which no definite figures can be assigned os yet Titanium 
occupies the ninth place among the dements (tenth tram* the 
although it i. usually considered a “rare-dement, anSame and 

*" P»f 1 ' ■'■ “ ,,k ”“ rn •« “** I-™.*. Tlie ct. Mi.KjZ 
of this fact; probably a very important one in our study nf 1 U , 
Ftvtution nf the earth, ia due primarily to the chemist* fJ > tl- r 1 

** Geological Surrey, who, ..„ lh5 leadS ^ 

fitlld mnd beginning in the early eighties of the last eeutnrv 

gan to determine the “ rarer” elementsdn their analyses (t ftb ^ 
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posedly rare elements are widely distributed, notably barium, stron¬ 
tium, chromium. vanadium, nickel, and even molybdenum.'* 

In Table IT it is also noteworthy that, of the metals in daily and 
common use, only aluminum, iron, manganese, chromium, vanadium, 
and nickel appear among those elements that are present in the rocks 
of the crust in sufficient amount to be commonly determinable by the 
usual processes of analysis. Such common and “every-day ’’ metals 
as copper, zinc, lead, tin, mercury, silver, gold, platinum, anti- 
mo ivy. arsenic, and bismuth—metals that are of the utmost importance 
to mir civilization and our daily needs—nil these are to be found in 
igneous rocks, if at all, only in scarcely detectable amounts. Though 
they lire ultimately derived from the igneous rocks, they are made 
available for our use only by processes of concentration into so-called 
ore bod ies. 

To give some concrete and striking figures, it may bo pointed out 
that the eight most abundant elements of the earth's crust (oxygen, 
silicon, aluminum, iron, calcium, sodium, potassium, and mag¬ 
nesium)—the only ones whose amounts are over 1 per cent—constitute 
together 08,03 per cent of the crust. These, with titanium, phos¬ 
phorus, hydrogen, and manganese-—hi in ail—make up 00,012 per 
cent; thus leaving but about 0,3$ per cent for all the other dements, 
among them some that are quite indispensable for our «yr?>st >ng civili¬ 
zation. 

A cursory examination shows that the most abundant elements in 
the earth’s crust are, on the whole, those of low atomic weight, as has 
been often pointed out, while the rarer ones are, in general, those of 
higher atomic weight. It has also been pointed out bv Clarke '* that, 
considering the several elements of any group in the periodic table 
(for which see p. 289), while the first member is comparatively rare, 
the second is the most abundant (the oxygen group lieitig the only ex¬ 
ception), and the members become increasingly rare with increasing 
atomic weight. Ihis is well seen, for example, in group 1 (lithium, 
sodium, potassium, rubidium, und caesium); in group 2 (glueinum, 
magnesium, calcium, strontium, and barium), though here we have 
inversions of the rule in the relative abundance of magnesium and 
calcium, and of strontium and barium. It is also seen in the third 
group(boron, aluminum.scandium, gallium, etc.); in the fourth group 
(carbon, silicon, titanium, zirconium, and cerium) - in the fifth (nitro¬ 
gen, phosphorus, arsenic, and antimony); in the sixth (oxygen, sul¬ 
phur, selenium, and tellurium), here again there being an inversion as 
regards the first and second: and in the seventh (fluorine, chlorine, 
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bromine, ami indine). It is also seen in group 8 t in the case of iron, 
nickel* * and cobalt, according to their atomic weights, though the 
Atomic numbers of nickel and cobalt are reversed in order. As Clarke 
says: u We are dealing with an evident tendency of which the mean¬ 
ing h jet to be discovered. That the abundance and associations of 
the elements are connected with their position in the periodic system 
seems* ho wever T to he dear. The coincidences a re many, the exceptions 
are comparatively few.” 

The relation of the abundance of the elements to the periodic law 
has ahso been discussed recently by Ilarkins, 37 who holds that the 
abundance of the elements is 4i related to the Atomic number and not to 
the periodic system/' that the abundant dements are those of low 
atomic weight with an atomic number less than 2U, tind that the ele¬ 
ments with even-numbered atomic numbers surpass in abundance the 
odd-numbered. It would take us too far from our proper subject to 
dkensa this very interesting topic here, but we may examine briefly a 
hitherto anrt^cognisted phase of the relation of the occurrence of the 
elements to their position in the periodic table, shown by the study of 
minerals and of igneous rocks, and inking into consideration the 
chemical relations of the various elements. 


THE r^TKOOtiNIO ANP MET ALLOGENIC ELEMENT!*, 


In Table III is presented the periodic classification of the elements, 
as usually given. 1 * The atomic weights are slated in round numbers, 
most of the elements of the u rare earths” are omitted, as their rek- 
t ive positions are still in dispute, ns are a bo the radio-active dements, 
except radium. 

Here* as has been commonly recognbed, the most abundant ele¬ 
ment* in the earth's crust, being of generally low atomic weight (or 
atomic number), occupy the upper part of the scheme, forming the 
series 1 to 4 of groups l to a These, with some other* in series ft 
and 8 to be mentioned presently, may I* called the J rock element/" 
us they are the essential elements, m greater or less amount, of the 
igneous rocks of the earth's crust, of which they constitute at least 
per cent by weight. 

In the lower part of the scheme ate dements of higher atomic 
weight which, with others, in scries 5 and 7, to be mentioned later 
nre but seldom, if ever, found in determinable quantities in igneous 
rocks, but which occur chiefly as ores, or as native mclaU These 
may therefore be called the “ore elements.” There would seem to 
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be a very d infinite mid distinctive difference Imp tween these two groups 
ns regards their general chemical relations—a difference tliut haa 
apparently not. heretofore been observed. 

Intermediate between the upper and lower part of the scheme is a 
zone, series 5 to 8* including elements that our study of minerals and 
rocks shows to belong partly to the rock elements* and partly to the 
ore elements. It is found that their relations to the one or the other 
arc dearly distinguished by tracing a meander that separates them 
into alternate or interlocking vertical columns* the splices thus made 
opening above into the division of the ruck elements and below into 
that of the ore elements* Thus, as we shall see. Kb and Cs T Sr and 
Ra, Yt and I-a, Zr and Ce* Cbl, and Mo are to be considered as rock 
elements; white Cti and Ag, 2n and Cd* Ga and In, Qe and 5n, As 
and Sb, S* and Te, and Rr and I* are ore elements- These differ¬ 
ences are indicated by some of their general chemical relations 
and by the facts of their occurrence as minerals—that is, as com¬ 
ponents of the earth's crust 

Flanking the main part of the table is group 0* the column of the 
inert gases, from helium to niton. At the bottom arc the radio¬ 
active elements, chiefly radium, thorium, and uranium* with others 
(some more or less hypothetical) that have been recently discovered. 
On the rigid h the column of group 8, that of the triads. Of these, 
iron* cobalt, and nickel are to be considered os rock dements, and 
the two triads of the platinum me Ids as ore dement?- 

It may bo as well to suggest here, and to use henceforward* two 
terms as a matter of convenience. We may call the a rock dements” 
ptitrQg&nic and the u ore elements” m^talla^cnw, These terms arc 
not only short and self-explanatory but* having an adjectival 
form, are convenient for use. The distinctive chemical differences 
between the petrogonic and the metal bgcfiic groups of elements, 
as regards their occurrence in th$ earW* mw/, will be now set 
forth; and. it may be said* these difference seem to divide them 
into tw o * natural groups, which may be of significance in a 
study of the constitution of the earth. In the present paper it is 
best not to go very deeply into technical miner ^logical details, and 
only the main facts will be stated, leaving the details for presenta¬ 
tion elsewhere. 

The petrogenic elements occur normally in nature as primaty min¬ 
erals, forming oxides* silicates, fluorides, and chlorides; but "never* 
or only exceptionally* as sulphides, adenides* telltirides, arsenides* 
antimonides, bromides, or iodides. With the exceptions of iron and 
nickel they are never found in the form of native metals. The metal 
logenic elements, on the other hand* normally {as primary minerals) 
form sulphides, ■selenidefl, tellurides* arsenides* autiinonides, hro- 
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mides, or iodides, but only seldom an<l exceptionally do these occur 
as {primary) silicates, oxides, fluorides, or chlorides, They are fre¬ 
quently met with as the “native ” elements. There are, it is true, 
some exceptions to these statements (ua with iron, which forms three 
common sulphides, anil with tin which occurs mostly us the oxide); 
but taken broadly, a ml as applying to the two several groups as a 
whole, the distinction seems to he valid. 

The oxides of many of the electropositive petrogenic elements 
are known to occur as minerals; those, that is, that are stable and 
are not readily soluble. They include poriclnse (MgO), corundum 
(Al.O,). quartz and tridymito (8iO a ), rutile (TiO.), ilmeeite 
((Fe, Ti),(>j) t chromite (FeO.CrjO,), pyrolusite IVfnfl,) and other 
oxides of manganese, hematite (Fc,O s ) and magnetite {Fe,0*). 
All of the electropositive petregenta elements form silicates, and, 
indeed, they form the overwhelming majority, certainly 99.9 per cent 
by weight of all known silicates. Besides the simple silicates are 
borosilirates, fluosiiirates, tilnnosilirate*, and zireonosi italics, dl of 
them salts of petrogBnic eiements. A few sulphosilicates are known, 
but they are very rare, and there are no known arseno-, antimono-, 
seleno-, or tellnrosilicntfs. 

Fluorides and chlorides of sodium, potassium, ammonium, mag¬ 
nesium, calcium, aluminum, cerium, iron, and manganese are known 
as minerals, and some of them are very common, as Nad, KCl, and 
CaFj, On the other hand, neither bromides nor iodides of these 
elements occur as minerals, though there is an sxccssivd}' rare cal¬ 
cium Sedate. H norms replaces hydroxyl in several silicates, as in 
topaz and chondrodite, and it is also present in small amounts in 
hornblendes and micas, while chlorine is present in small amount in 
some silicate minerals, as those of the sod elite and scapolitc groups. 
fTntil wc reach vanadium, with atomic weight 51 and atomic number 
25, no sulphides occur as minerals, except calcium sulphide, which 
occurs ns a rare mineral (olilhainUo) but only in a few metcoritea 
A very rare vanadium sulphide, found only in one locality, an ex¬ 
tremely 1 rare chromium-iron sulphide, occurring only in a few me¬ 
teorites, and n rare terrestrial manganese sulphide are known. No 
arsenides, selcnides, or te! In rides of these elements, or of 11 lose pre- 
ceding them in atomic number, are known, AVitU the iron group, 
we find sulphides very common, the sulphides of iron, pyrite. nwr- 
cosite, nnd pyrrhotite, being common minerals, and sulphides of 
nickel nnd of iron and nickel, as well as their arsenides, are wide¬ 
spread ore minerals, Sulphides and arsenides of cobalt are also 
fairly common. The sulphide of molybdenum is the only usual min¬ 
eral of this element, though a few other minerals containing it (as 
secondary molybdates) occur, tide aides, tdJurides, and antimonidee 


292 AXTUVH* REPORT SSOTHSOIT1AS INSTITUTION', 1K». 

of iron are apparently unknown in nature, though of nickel there 
&re some very rare minerals of this diirader. It will be seen that 
such compounds (sulphides, arsenides, etc.) of the petrogunic ele - 
ments are nU of those of rather high atomic weight and in the groups 
of highest valence, especially common in the triad group iron-cobalt- 
nickel. 

Tuining to the metuUogeme elements, we find that many or them 
exist in nature uncombined, notably copper, silver, gold, tnereury, 
arsenic, antimony, bismuth, sulphur, selenium, tellurium, and the 
metals of the platinum group. Native xinc, lead, tin, and tantalum 
are also reported, but in some coses doubtfully. 

As minerals the oxides of these elements cither do not exist (as 
of gold and the platinum metals), are of extreme rarity, or are cer¬ 
tainly or almost certainly of secondary origin, as those of copper, 
mercury, sunc, arsenic, and antimony, Tin oxide, the common ore of 
this metal (raasiterite}, is nti apparent exception, hut it would seem j 
to he possible that, in some eases at least, it is id secondary origin, 
a sulphide being the primary compound. 

Primary silicates of the motallogenic metals are very rare. There 
are none "of gold, silver, mercury, thallium, tantalum, tungsten, or 
the platinum metals. Silicates of copper and zinc are quite common, 
but ure in all enres almost undoubtedly of secondary origin. There 
are, however, silicates (possibly primary) of tin, lead, and bismuth, 
but they are mineral rarities, and many minerulogicnl museums and 
collections have no specimens of them. 

No fluorides of any of the metalIngcnic elements are known os 
minerals, but insoluble chlorides and oxychlorides of copper, silver, 
mercury , and load are known, though rare. On the other hand, as 
native bromides and iodides we know only those of copper, silver, 
meremy, and lead—all tnetaliogenic elements. 

The typical, and by far the most abundant, native compounds of 
all these met allogenic dement* then are the sulphides, arsenides, 
antimonides, sole n ides, and t din rides, with the complex sulphosalts. , 
These form the main, and in some coses the only, sources of most 
of the metals. Indeed, of gold, mercury (except the common sui- j 
phi Je, the secondary Oxide, a chloride, and two doubtful iodides), I 
and thallium (except n rare sulphide), the only native compounds 
known are sdenides and telliirides; and coaversdy, the only native 
solcnides and tellurides known are of copper (rare), silver, gold, 
mercury, thallium, lead, and bismuth, except that there is a very re re 
nickel tclluridf*. Oddly enough, the only native compounds known 
of the platinum metals are ruthenium sulphide and platinum arsenide, 
no sdenides nr tcllurides of these I icing known. 

Returning to the intermediate interlocking meander zone, it may 
bo well to point out some features that show to which of the two 
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main groups the several elements there belong, si ml allude to another 
feature of interest regarding this part of the tulle* 

Kubidium and caesium are known only as silicates, caesium form¬ 
ing the rare nietasilieate polluirite, atld liotli entering in siu(til amount 
into other silicates, as beryl, lepidoiite, and a few others. Strontium 
and barium, apart from their sulphates and carbonates of secondary 
origin, enter only into silicates, a barium silicate forming a member 
of the feldspar group, and both being the bases in some of the 
hydrous zeolites. The proper position of yttrium and lanthanum, 
in group 3, is somewhat uncertain, but they both enter into the com¬ 
position of various silicate minerals, and nre not known ns sulphides, 
arsenides, etc. The position of zirconium and cerium is quite clear; 
both form silicates, zircon being especially widespread among gran¬ 
itic rock.*, and they also enter into Lhe composition of some members 
of the pyroxene group. The position of columbium (niobium) is 
also somewlnit uncertain, ns no silicates of it arc known. but it may be 
basic in some titunates, and its general affinities as to mineral occur¬ 
rence would place it almost surely with the pctrogcnic dements. 
Closely related to it, and occurring with it almost always, is tantalum, 
whose true place is uncertain. Minerals containing these two ele¬ 
ments, however, are very rarely met with. The researches of Hille- 
brand Ji have shown that molybdenum is very widely distributed 
among the more silicic igneous rocks, such as granite*, so that, even 
though its most abundant mineral Is the sulphide, it should be reck¬ 
oned with the petrogenic elements. 

Of the intermediate met allogenic elements, the positions of copper 
and silver are unquestionable, as both occur combined most fre¬ 
quently as sulphides and other such minerals. Silver does not occur 
as a silicate or oxide, but silicates and oxides of copper are not un¬ 
common, though these are of secondary origin. The same may Iks 
said of stine and cadmium, the oxide and silicate of zinc being sec¬ 
ondary. Oallium and indium are found only in zinc sulphide 
(sphalerite), and germanium occurs only as a sulphide with silver 
and tin. Though tin is most commonly met with as the oxide (os 
well as a rare silicate), yet sulphides of it are known, so that, in 
spite of its frequent occurrence as oxide, it is to be reckoned with 
the metallogcnic elements. Arsenic and antimony, as well as selen¬ 
ium mid tellurium, belong, of course, in this group, as does sulphur, 
the necessary inclusion of which among the mctallogenic elements 
carries them somewhat into petrogrnic territory, and renders the 
meander somewhat unsymmetricat toward this end. Bromine and 
iodine, ns we have seen, are only met with in nature in combination 
with metal logon ic elements (except in solution in sea water), so that 
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they may probably I*# placed with these. The metals of the ruthenium 
and the platinum groups clearly belong here, because of tlieir occur¬ 
rence as metals, and because of the existence of the sulphide of ruthe¬ 
nium and the arsenide of platinum ns the only native compounds 
known. 

On referring to the periodic clarification presented in Table Ill. 
it will be seen that the intermediate, meandered zone, where the 
petrege&ic and Lhe mrtallogenk elements interlock, shows a very 
large proportion of elements with atomic weights that are quite far 
removed from whole numbers, which would imply, as has been mg- 
grated by Harkins, that this is especially die region of isotopes. 
Whether this is fortuitous or whether it is (if it be true) connected 
with ibe division here suggested of the elements into the petrogenii: 
imd the metallogenic group®, is quite unknown, and it is needless 
here to speculate upon the subject. 

It should be mentioned thaL the relations Iwtween the positive and 
the negative elements, and tbeir occurrence in nature ns minerals, 
as set forth above, form an elaboration and an extension of what 
t'lurke has already called attention to,=« namely, ** Li combination 
unliko clem elite seek each other, and yet there appears to l»e a pref¬ 
erence for neighbors rather than for substances that are more re¬ 
mote* * * * The elements of high atomic weight appear to seek 
one another, a tendency which U indicated in many directions, even 
though it can not be stated in the form of a precise law. The gen¬ 
eral rule is evident, but its significance is not so dear.” A possible 
significance, or rather a possible connection between this rule and 
the occurrence of the elements, both as to their relative abundance 
and tlieir mutual relation*, in the cartfi-B crust and below it, may be 
suggested here, as a somewhat speculative hypothesis. ’ 

TJ1£ INTERIOR OF THE. EASTJI, 


The hypothec (already adverted to), that the interior of the 
earth ts composed, at least in part, of an iron-nickel alloy like 
Hint which composes many meteorites, is commonly hold This 
is based on the mean density of the earth, its rigidity and magnetic 
character, and the composition nf many meteorites/th* siderelites 
which may be regarded as fragments of a preexisting Wee bodv 
Following Charles Darwin and Durocher, who published their 
view in tine first half of the last century, the idea is now held by 
many that the material composing the interior of the earth £ 
arranged, in a general way, according to relative density r « there 
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being a nucleus or core of iron-nickel and possibly other heavy 
mends* above this a zone of heavy silicate rocks* and at the surface 
the lighter silicate rocks of the 11 crust” but presumably passing 
gradually one into the other, without sharp borders. 

Wiechert and Knott have recently shown, through a study of 
the propagation of earthquake waves, that there is a change in the 
material* or in the physical properties of the material, at a depth 
of about G.5 of the earth’s radius. Still more recently, by labora¬ 
tory measurements of the compressibility of rocks, as well os by 
the study of earthquake waves, Adams and Williamson fi of the 
Carnegie Geophysical Laboratory* have shown that the much greater 
density of the interior of the earth can not be accounted for by the 
compressibility of the materials, whether rocks or metals. They are 
also led to the conclusion that. while there is segregation of heavier 
material toward the center* the change is continuous, and not dis¬ 
continuous, as is held by IVlechert and Knott. 

Following the views of Adams and Williamson* and accepting 
tx lower aono of nickel-iron beneath the silicate * crust” I would 
suggest here the idea that the central core, the real nucleus, of 
tli© earth is composed of the metaUogenlc elements, that is, the 
elemente or metals of highest atomic weight, either m * native” 
metals* or possibly in the form of sel&iudea. tellurides, arsenides, 
a minion ides* bromides* and iodides. Above this would be the nickel- 
iron zone* and above this the silicate trust. 

We can not bene discuss this suggestion in all its rather complex 
aspects. But the somewhat intermediate chemical character of the 
metals of the iron group, with manganese and chromium, is in 
accord wth the hypothesis, differing as they do from the other 
petrogenic dements in their occurrence as sulphides and arsenides, 
in which they resemble the heavier metallogcnic elements. Iron is 
the fourth most abundant element, and if the position of th© nickel- 
Iron zone, or a zone of alloy mixed with silicate rocks, were com¬ 
paratively near the surface, this would be expected. The occur¬ 
rence of iron-bearing basalts at the surface (met with in Greenland, 
Bubble, Spain, and elsewhere) is also in line with this supposition! 

Again, as on this supposition the true nietaUogemc elements are 
most deeply buried, their relative Scarcity at the surface is readily 
understandable* Forming th© nuclear core, not only would their 
total volume be relatively small, but it would also Ijc difficult for 
them to find their way, even as vaporized or soluble compounds, 
from the great depths to the surface. The generally low melting 
points of the ore minerals is also in line with the opinion of Adams 
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am] miamaon that tba deepest interior is not entirely n rigid solid, 
but more m the nature of a very viscous, thick liquid, which dumps 
the transverse earthquake vibrations. The possible factor of the 
disintegration of the elements of highest ntomic weight must be taken 
into account, but more can not he said here on this topic. 

It is of interest to note that this idea, that the elements of higher 
atomic weights, the tnctallogenic elements, occupy for tlio most 
part the deepest portions of the earths interior, is in harmony with 
Abbot's view as to the distribution of the elements in the sun.“ 
He points out that the elements lowing the most intense spectrum 
lines are those of low atomic weight, with the exception of the 
negative elements, none of which (with the possible exception of 
oxygen), for some unknown reason, show solar spectral 1b.~ it j s 
interesting to compare Abbot's table of intensities (p. 01) with the 
elements ns presented in our Table III of the periodic arrangement. 
It will be smm that the first 22 elements showing the most interne 
lines are all terrestrially potopgenie dements, and that (apart from 
the negative elements) oil the terrestrial petrogenic dements are 
among those that show the more intense lines, with the curious 
exceptions of glncimun, cerium, and especially potassium, which 
show but very weak lines. The order is not the same, but the liret 
10 elements in order of spectral intensity include calcium, iron 
hydrogen, sodium, magnesium, silicon, aluminum, and titanium, 
which, with oxygen, potassium, and phosphorus, are the first 11 
elements in order of abundance in the earth’s crust. On the other 
hand, the metaUogenk elements show the least intense or no solar 
spectrum lines. Thus in Abbot s intonrity tables Xos. 23 to 36 (the 
Inst) include in order palladium, copper, zinc, cadmium, germanium 
rhodium, aUver.tin, and lead. The meUls of the platinum group’ 
wdh tungsten, bismuth, mercury, thallium, and one or two othere! 
give extremely feeble or doubtful lines. As Abbot shows, takine 
the elements m groups of order of intensity, this diminishes with 
increase in the mean atomic weight of the group 

Abbot explains this distribution, tn winch (lie only real exceo 
tions are cerium, glucinum and potassium, by the supposition that 
“the explanation of the decrease of intensities with increasing 
atomic weights reems to depend on the depth of there ^ ^ 
the sun’s surface, 5 and this supposition is confirmed b v the snect^rm 
observations of displacements of the lines of various elements due 2 
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arrangement id both bodies. It is also quite In harmony with the 
general idea of arrangement according to specific giwity or M grav- 
itative adjustment/* 

We may conclude therefore that the metaUogcnic elements am rare 
on the earth's surface and do not show intense spectrum lines in the 
sun, bta&usc they are too deeply buried in both* Connected with 
this, however, is Ihe difference in the chemical relations already 
{minted out. the significance of which is as yet problematical 

It might l*e pointed out here that such a theory of the vertical 
distribution of the elements seems to be opposed to Chumberlirvs 
hypothesis of the plnuetesimal origin of the earth* though the matter 
can not l>e discussed In this paper. Attention may only be called to 
the fact* probably very significant in tins connection, that Ihe melt¬ 
ing points of the oxides and silicates, the typical natural compounds 
of the petrogendc element are much higher than those of the sul¬ 
phides and arsenides, the typical natural compounds of the metal- 
logenic elements* The bearing of this will be discussed elsewhere. 

Much more might be said of this suggestion of the distribution 
of the elements of highest atomic weight and greatest density at 
the center* The idea is not wholly new, having been held specu¬ 
latively by others. One might even recall to pass from science to 
fiction, that the idea was, in a way, foreshadowed by Jules Verne, 
who in ono of his stories describes a comet or huge meteorite com¬ 
posed of teUuridfe of gold* 

coRaniAVioK nr tue ;elokktu, 

But we have wandered far From our proper topic, Ihe crust of the 
e art Ik having reached not only the center of the earth, but the gun, 
and become enmeshed in somewhat transcendental chemical specula¬ 
tion. Let us, come hack to the surface of the earth. 

Before returning, however, to the consideration of the actual crust 
and its roefe, it may he as well to examine briefly a feature of the 
mutual relations of the elements (for the most part petrogenlc), that 
is shown us by chemical study of the rocks and of the many mineraU 
with lvhich we arc acquainted. Since the chemical analysis of rocks 
and minerals l>cgnn to assume large proportions, so that sufficient 
and sufficiently accurate data became available, it has been noticed 
that certain elements are prone to %& found in rocks of certain gen¬ 
eral compositions, and a bo in association with one another in min- 
eralo. In other worrk, there bus been observed n certain correlated 
distribution of the elements in the earth ! s crust—that is* in the rocks 
and minerals composing it—by which certain of the elements tend 
to occur together in greatest abundance or most often, while other 
elements are seldom if ever found along with these. As this is a 
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mutter of wnsijk'rab]* *! interest and importance from (the mining en- 
ginwr’s point of view, several attempts have been made to formulate 
the relations, and It will be pertinent to give a very brief account of 
the subject. 

Among die earliest of the more modern workers to investigate this 
problem are Vugt, Kemp, and I>e Lummy. 11 who confined their atten¬ 
tion chiefly to whether the various elements considered were most 
abundant in the more or the less siliceous rocks. 

The writer pointed out'® that "the relations arc more complex 
and are dependent, not so much on the relative amount of silica, as 
on the relative amounts of other constituents, notably soda, potash, 
iron, magnesia, or lime. Such relations of common association are 
shown, in part among the most abundant constituents of rocks and 
minerals, and in part among the rarer ones, generally in connection 
with the more abundant. For the most part, the relations so far oh* 
served, which may be considered as best established, are confined to 
the petrogenic elements, as would lw exacted, but there seem to be 
similar relations, not yet quite clear, between some of the metallo- 
genic and the petrogenic elements. 

Broadly speaking, silica, alumina, soda, and potash tend to gw 
together; thus the rocks that are highest in silica have, in nearly all 
cases, alumina and the alkali metals as the next most abundant con¬ 
stituents. At the same time, the alkali metals, and lime (not iron 
or magnesia), tend to go with alumina; so that a very large number, 
and among these the most common, of (he silicate minerals are si lb 
eates of alumina and (or aluminosilicates of) soda, potash, and lime. 
The iron oxides and magnesia do not show nearly so strong a tend¬ 
ency to combine with silica or with alumina. In this connection 
may be mentioned « tendency toward combination with (or affinity 
for) silica, which may fie expressed thus: 

K,0> Nu,0>Ca0>Mg0> F*0. 

That is, potash will endeavor to take all the silica that it can so far 
as is compatible with certain physical conditions, soda next and so 
on; iron being the only very abundant element (except silicon) th-it 
commonly forms an oxide alone, that h to sav, nncombined with 
silica. This general law or rule, which is based on the most ^., lcr 
ally observed relations among rock forming minerals, is the basis 
of a recently introduced classification of igneous rocks, and it gives 
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promise of fruitful application in the future. A similar “order of 
affinity s? us regards alumina is also true of the same elements* 

Magnesia anil the iron oxides tend to go together, or to replace cadi 
other in many minerals, which seems to be of much the same import, 
and ttiese oxides are. as we have seen, generally opposed to soda, 
potash, and lime. 

Aiming tlie more interesting of such correlations urc those of soda 
and iron on the one hand, and of potash anti magnesia an the other, 
these two pairs tending to go together. This is shown by many min¬ 
erals, die details concerning which it is unnecessary to givc here. 
Though there may lie mentioned the sodic pyroxenes, which contain 
much iron and little if any magnesia, and the potass ir micas, which 


F*Q 
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generally contain more magnesia than iron along with the potash. 
Study of many analyses of igneous rocks also brings this relation 
nut very dearly, and it h os preyed in the above figure (%. I) pub¬ 
lished some years ago.™ In this the abscissas represent the relative 
amounts of soda and potash* and the ordinates those of iron oxide 
and magnesia. The general drift of high soda coincident with high 
iron, and conversely of high potash with high magnesia {though 
such nicks are comparatively few), h clearly shown, and, as the data 
are derived from numerous analyse and are substantiated by many 
nthers more recently made, the general 44 drift ” may lie considered ets 
fairly well established. Tliat the points fall in a rather broad mnv f 
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in£[«ai| of along it narrow line, is to bo attributed to the complicu- 
hoiis that nmy be introduced in such corrcliittoiis by fho presence of 
silk-iK lime, uiti! possibly aluminum or titanium. 

It may bo mentioned hero, cn passant, that, curiously enough, the 
sumt? correlation lwtween these two pairs of elements, soda and iron, 
•did potassium and magnesium, seems to hold good in the organic 
world. 31 'this is apparently shown by the following facts: In auto- 
tn pliii: plant metabolism potash is an essential element, as is ato> 
magnesium, in that chlorophyll (which in the leaves nets ns the car¬ 
bon-transferring substance) is a magnesium salt of a complex or- 
punie acid, while sodium and iron are generally toxic toward (at least 
the higher, gymnospermous and nngioapermous) pi nuts. On the 
other hand. Sodium, rather than potassium, is the alkali metal essen¬ 
tial to the higher animals, salt being n very necessary article of diet 
(in part because of its chlorine, and in part because of its sodium, 
content), and sodium chloride is present in the blood plasma; and at 
the same time, hemoglobin and ita derivatives (which act as oxygen 
carriers, and are analogous to chlorophyll in plants) are iron salts of 
organic acids closely related to that of chlorophyll; while, similarly, 
potassium and magnesium are more toxic toward the higher animals 
than are the other pair. 

Let us now pass briefly in review sonic of the correlations that are 
shown in igneous rocks by the rarer, ami generally petrogenic, ele¬ 
ments with the most abundant nms. In the first rdace. the rocks that 
arc dominantly sodic seem to show the greatest tendency toward 
the segregation <-f many of the rarer dements. Thus, lithium, zir¬ 
con him, cerium (and some of the other rare earth metals), chlorine 
and fluorine, and probably gludmnu and tin. are found most often 
both as components of minerals and in rocks, that me high In soda* 
Barium seems to bo most abundant in those that are high in potash - 
titanium, 11 manganese, vanadium, nickel, ami cobalt, in those that are 
specially high in iron; and chromium and platinum in those that am 
high in magnesium. Of the proclivities of the more truiv metnlto 
genic elements, us gold, silver, mercury, lead, and zinc, we know liule 
as yet, hut further study may indicate such relations, if they exist 

It is needless to enlarge here on the hearing of siu-U observations 
r.n the practical search for ores and metals, opecintly those of the 
rarer kinds, some of which are now coming into prominence Mich as 
tungsten aJid tantalum for electric lights, and zirconium for refine 
toriex. It will bo self-evident that a knowledge of the rocks of . 
region can thus give us a clue as to what elements or their oros mnv 
be most likely met wi th, so that, for in stance, we would not search for 

p WtuliinitoiL, 11. K, Phncv NtUL Acad, Set.. LI, 
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platinum in a region of sot I ic n?rks T hut would here look rather for 
the minerals of cerium, the rare- earths, uranium* * or tungsten, 

COMAG31 AT[C KDQ1 ONS* 

Lot ns now return to the cattles crust and endeavor to answer the 
second question propounded above* namely, whether all large por¬ 
tions of the crust arc alike in general, or whether they show marked 
differences; that is, whether the crust is essentially alike or unlike 
over different areas* 

Nearly 50 year.-, ago Vogelsang® 1 pointed out that ihe Igneous rocks 
of certain districts showed certain textural or mineral characters in 
common, which served to distinguish them frum the rocks of other 
districts. The same idea wzts expressed Inter by Judd* Bfl and still later 
by hidings,* 1 the latter showing that the differences between different 
districts were referable ultimately to differences in the chemical com¬ 
position of the rocks. Such districts were called u gougnostische 
Bezirke” by Vogelsang, u petrographic provinces v by Jiuld, the 
latter name being that in common use* Idiiings using tlie term “con- 
Eimgiiinityv* while the writer later* 1 called them 4t comagmatlc 
region*, 7 ’ lo indicate the idea that the various rocks of a given region 
are derived from a common magma, by processes of so-called differ- 
enti&lion. Tnt*a the discussion of differentiation we can nut cron 
begin to enter Imre, though it forms one of the most important and 
most complex features of petrology, the science of rocks. 

The proper study of petrographic provinces, or* as we shrill here 
term them, comagmatic regions. Is as yet, so to speak, in its infancy. 
Only ei few" regions have been described at all adequately from the 
most general point of view, stich as the Christiania region in south¬ 
ern Norway, that of central Montana, the Yellowstone Park, and 
the volcanoes of western Italy; and these descriptions leave much to 
be desired* 

Indeed, oven the fundamental data for our definition of a o>inng- 
matic region are somewhat uncertain and the application of the 
idea is somewhat loo?e* Thus* considering the time element, the 
life of a region may extend over many geological periods, as that 
of Greet Britain from the Silurian to the Tertiary; or it may be 
confined to but little more than one period, as with the western 
Italian volcanoes. The areal extent may vary from many thousands 
of square miles to a few hundreds, though we are beginning to be¬ 
lieve that the smaller 44 regions’* are probably to be regarded m but 
parts of larger ones. The shape of the area may also vary; it may he 
more or lass equilateral, a long zone, either broad or narrow and 

“ VoEcUinpf. It., ZMt*. .Si'fcfci itrhj getiL Gm + nli% t>. tHie, 
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j)erhup B forked, or be evident only as small, separate, and apparently 
structiirally unconnected occurrences of similar rocks. 

Although some of the characters of any given region may he muSt 
evidently recognizable by the mine™] features, such as Use color of 
the pyroxenes or the peculiarities of the feldspars, yet the; C are all 
dependent on the prominent chemical character of the magma so 
that the chemical characters constitute the fundamental basis of dis¬ 
tinction and ch&racterLzation. Tn order to show the reader how. and 
in how far the chemical characters of various portions of the earth's 
crust may ditfer, it will 1* well to note very briefly some of the best- 
known comagmutic regions of the earth. Stating onlv their most 
protiimeDi rfamiGil features and omitting all details. 



of thn Vultcd 


Tn tiio United .State* we find a lon^ n + 

*'“* ’"A “» a r i “."% «clie. ThV*,,,, 
southwest Greenland, appears as a gnnm of vm ; m 'i * Jtl 

in Ontario, Quebec, and New England flXSw £? *T 
region), appears in New Jersey, Virginia, probtbG North 
in Arkansas, and finally Il8 st-ieml ureas ; n Texas* h . h( - aroJ 1,1,1 » 
continued south in Taniaiilipas [ n Mexico? and what a f ireMly 
hnuatlon of it appears in some of the Antilles, in R r ’ / <l T*' 
far south as Paraguay. These ureas in the Timed ^ 18 
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son s Bay forms another region, which is dominan t!v 1 • 
sites), marked with vs on the map, Along the An/1 T- fanor ?"‘ 
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unusual rock* occur itlung this zone. ThV marked with duties 
(—) on the map. The sod sc areas just mentioned may be connected 
with this. West of the Appalachians we find a few small sporadic 
occurrences of peculiar rocks, high in potash and magnesia, as In 
New York, Pennsylvania, Kentucky, and Arkansas, which seem to 
be distinct from the preceding, and which may represent the great 
body of nuurmti that underlies this eastern part of the Mississippi 
Tolley, 

Around Lake Superior, in Minnesota, Wisconsin* and Michi¬ 
gan, and probably extending into Canada to the norths is mi area 
of igneous rocks that are low in silica but high in lime and iron 
oxides. To the last feature is due the importance of thin region 
for its very abundant iron ores, ft is marked with xs on the map. 
In the southern part of the Mississippi Valley, about the Ozark 
uplift, are some small and as yet little-studied occurrences of 
granitic rocks, which seem to form a distinct region. 

West of the Mississippi Valley the eomiigmatie relations are more 
complex, ns are (lie geological structures, but tve can distinguish 
some fairly well-defined comagmatic regions. One of the most 
clearly marked is that which extends from, and possibly beyond, the 
Canadian border through central Montana* where it is represented 
by several volcanic center* described by Pirsson and others, into 
Wyoming, and with patches that probably represent it in eastern 
Colorado, These rocks are characterized by decidedly high alkalies* 
and with potash generally dominating soda. The areas are marked 
by + s on the map* Covering the great plateau of Colorado, Utah, 
and Nevada* with parts of Idaho and Wyoming (including tln> Yel¬ 
lowstone Park) sad probably in northern New Mexico and Arizona, 
sb a large and complex region, the rocks of which are decidedly of 
average com position* distinctly high in silica, moderate lime and 
alkalies, and tow iron and magnesia. North, west, and south of this 
is p rather ill-defined region* whose rocks are similar hut somewhat 
more calcic. The first is distinguished by small circles and the latter 
by dots on the map. These regions need further study, and it is 
doubtful if they should be treated separately. 

In southern Idaho and in Washington and Oregon are the very 
extensive flow basalts of the Snake and Columbia Rivers, high in 
lime and iron oxides, which resemble chemically the rocks of the 
Lake Superior region and which are marked similarly on the map. 
The true relationship of these to the surrounding regions is doubt fu!. 
Along the Pacific coast, chiefly in California* but extending to the 
north about as far us Puget Sound* there are indications of a nar¬ 
row zone of decidedly sodk but rather highly silicic rocks* This 
may extend south along the west coast of Mexico* and may there 
be connected with the origin of the Jadeite objects found in that 
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country, the exact provenance of which Vs unknown. Thus may 
petrology aid archaeology. 

The long chain o f the Andean volcanoes seems to form a continua¬ 
tion of the muiii ConlUkran region, which is continued northward 
along the Aleutian volcanoes. and thence southward, along the wret 
coast of th« Pacific, through the volcanoes of Kamchatka. Japan, 
and the Philippines, ami so on to the Dutch East Indies. This so- 
called “Circle of Fire" attrrounda a large area, that of the Pacific 
rsland^, whose roefe ure dominantly basaltic—that is, low in silica 
and alkalies, and high in lime, magnesia, and iron, associated here 
and there with occurrences of a Italic rocks. 

In Europe tho various eamagmatie regions are so numerous, so 
complex, and so little known from this (joint of view, that only a few 
need be mentioned. There is the extensive, though broken-up, region 
that embraces the British Islands and their outliers, with Ireland, 
eastern Greenland, Jen Mayen, Spitsbergen, and Nova Zemhla, the 
rocks of which are dominantly basaltic. The highly sodic Chris- 
lianij) region in southern Norway has been well studied by Brdgger 
as has the calcic Bergen region by Vogt. Germany and Austria are 
filled with a complex of different regions, the relations of which are 
not yet dear, hut wljkh y.vm to bo either dominantly sodic, as that 
of Bohemia, or with basaltic tendencies. Tho Alps"and the Tyrol 
form a central region of prevailingly granitic rocks which differ 
markedly from the various uni I different regions that surround tW 
Uus is a point to which we shall recur. In Italy & the sculled 
Pomau comagnmtic region, embracing the vdcan^ along the west 
coast from Bdacna to Vesuvius, the rodrn of which are decidedly 
unusual m their very high potash, with considerable lime V zone 
nf distinctly sodic rocks appears to extend from southern France ami 
eastern Spain down Corsica and Sardinia, through the island „f 
I aiitallcm. into Tripoli Hence, by way of Knrdufan. this region 
is raiss.bly connects wdh tho highly s«di c one that stretches from 
A hy^ima down the Etbmpmn Pi ft Valley, in E !iat Africa, and 
which branches northwardly along the Red fi t . a and Arabia as f,r , 
Syria. At the east end of the Mediterranean, on the l 

region embracing Git, w and the Balkan Peninsula, the Arehipda m 
and western Asia Minor, whose rocks resemble very close!v thnJJ 
the Colorado plateau and nf the Andes volcanoes. ’ ‘ 058 ^ 

Wf? ™ 1l1d P* on tll,ls tu surface of the earth, so far a* lu 
recks are sufficiently well known chemically. Unfortunately this 
is not the rase with many large, and otherwise thoroughly studied 
areas or regions, such. as. for instance, tho Greater VnrilW C.A ' 
Jamaica, Haiti, and Portn Rico But this very rupM ^h w Hl‘ 
serve to give the reader some idea of how diversified, chemical te n .„ 
tho different portions of tho earths surface. i- ort 
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It has been suggested by several prominent petrologies” that the 
oomagnuttic regions may be referred genet Emily to two large types of 
mngnrn or 14 provinces” rolled “alkaline” ami H snballifdme" by 
Iddings, or “Atlantic” and “Pacific” by Becko. The latter goes so 
far as to attempt to ascribe all the cnmagmntic regions to two areas, 
the one dominantly alkalic and surrounding the Atlantic Ocean, and 
the other more calcic and surrounding the Pacific, Barker, further* 
more, would connect these two main types of co magma tie region with 
two main types of crustal movement or stress, such sts are recognized 
by Suess, which give rise to different types of coast, mountain form a¬ 
tion, etc. In the opinion of the writer such recognition of but two 
types is not consonant with what we know of the general distribution 
of the igneous rocks. The whole subject is very complex, far too much 
su for proper discussion hen?, and the data available seem to the writer 
to be inadequate for very broad generalizations at present. 


CltEUlCAL CuitrtWITJON ASI) BOCK UENStTIXS. 


The above outline of comagmatic regions leads its to the considera¬ 
tion of two subjects with which we may close this sketch of the chem¬ 
istry of the earth s cnist; that is, the relation between the chemical 
composition of rocks and their density, and that between these and the 
theory of isn&tusy. 

In the preceding pages we have considered igneons rocks almost 
oliH from the chemical point of view. As we know, however, they ara 
actually aggregates of definite chemical compounds, minerals, mostly 
silicates. Furthermore, we know that magmas of the same general 
chemical composition may crystallize os diverse aggregates of differ- 
ent minerals, according to the conditions that obtain during solidifica¬ 
tion, I e we know' the chemical comjmsitions of the various rock-form- 
ing minerals, the quantitative mineral composition may be readily 
calculated from the chemical analysis of the rock. But from what has 
just been said, it is evident that the particular mineral aggregate to be 
calculated will depend on the conditions controlling "solidification. 
It is also obvious that if we know the mineral composition and the 
densities (specific gravities} of the minerals, that of the rock as a 
whole may be readily calculated. 

In the conception and elaboration of a system of classification of 
igneous rocks that was proposed some lcars ago by some American 
petrologists, the chemical composition of igneous rocks was regarded 
ns thei r most fundamental character, and therefore that on which their 
clarification was primarily based. Bnt, in order to recognize the fact 
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that they are actually mineral aggregates and so as to He able to com* 
pare them one with another on this basis, in spite of the various pos¬ 
sibilities as to mineral romposition introduced by the varying condi¬ 
tions of solidificittioti. the chemical composition shown by analysis is 
calculated in terms of mineral composition according to one uniform 
system; that is, one general assumption as to the minerals that are 
formed, or may be formed, from the particular magma. In this way, 
nil igneous rocks arc comparable and classifiable inter m, both chemi¬ 
cally and minora logic ally. The details of the procedure nnd the re¬ 
sults of this system of classification can not be gone into here, but may 
be looked for elsewhere." It will suffice here to say that the general 
principles which are considered basal are the so-called “ affinities n of 
the various basic oxides for, first, silica, and, second, alumina, which 
have itcen given on a previous page and which are deduced from the 
general knowledge of rook minerals. Carried out along the lines so 
laid down the results of the calculation from the data of the chemical 
analysis give a mineral composition which, although ideal, cor¬ 
responds with the actual mineral composition in the great majority of 
cases. 

Home years ago Iddings" pointed out that the density (specific 
gravity) of a rock as calculated from the calculated mineral composi¬ 
tion on the assumption that the rock is bolociystalline, corresponds 
very closely with the actual density. This fact is of great interest; 
partly because of its justification of the fundamental basis of the 
classification, and also because it thus furnishes a uniform means of 
comparing the densities, not only of particular rocks, but of the 
average rocks of different regions, and quite irrespective of such 
factors ns those clue to porosity or the presence of gloss. Following 
the suggestion of Tddings, I have calculated the average densities of 
the continents, the ocean floors (represented by the lavas of the voi¬ 
ce nic islands in the Pacific and the Atlantic), and of the igneous 
rocks of various countries and comugtnatic regions, whose average 
chemical compositions were calculated by Doctor Clarke from the 
data in Professional Paper 90. 
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Before we discuss the densities it will be well to esiimmc lire? aver¬ 
age chemical compositions of the different continents and ocean floors, 
the data for which are given in Table IV. It will be seen that they 
vary considerably the one from the other, ns well as from the general 
average of the earths crasL Taking* for example, silica, the most 
abundant constituent, its percentages for North and South America, 
and especially for Asia, are decidedly above that of the earth's crust 
as a whole, while those for Europe and Australia are only slightly 
above this- On the other hand, the silica percentages for Africa and 
Antarctica, and still more for the Atlantic and the Pacific floors, 
are very notably lower," There is little difference, comparatively, in 
the figures for alumina f the alkalies? and the minor constituents., but 
those for the iron oxides, magnesia? and lime are distinctly lower in 
those cases where silica is higher and higher where this is lower* 

The continental anti oceanic averages shown above represent* in 
fact, different conuigmntie regions on n largo scale, but in concise 
form. Though the data for some of them- — as Asia, South America, 
Africa, and Antarctica—are not numerous enough to be wholly satis¬ 
factory, yet there would seem to he no valid reason for doubting 
that,, taken as representing broadly the general chemical composi¬ 
tions of the larger structural divisions of the earth*s surface, they 
may safely be mummed to give us a fairly trustworihy idea of the 
relations between them. In any case, they are the only large body 
of data that wo have available, so let m use them nrovisiDually and 
sec to what results their considerat jon may lead. 

Before doing tlris, however, it will be as well to devote a few words 
to the average density of the crust m a whole, as thig is an important 
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factor in the consideration of isostasy, to be taken up later. It will 
be >cen from the table that the average density of the crust is cal¬ 
culated, from the average chemical composition, to be 2,77, An 
average might be arrived at by considering nil tbe determinations 
of specific gravity of rock specimens that have been inode by the 
ordinary physical methods, and tliat are found abundantly in the 
literature. An average thus arrived at would seem to suffer from 
several disturbing factors that ara eliminated by the method based 
on the chemical averages. Thus it would include the densities of 
many lavas that are more or less glossy, which are decidedly lighter 
than holocrystulline rocks, oigl which) furthermore, are surfieia! 
racks, not found at any considerable depth beneath the surface. It 
would also be seriously affected by the porosity of the surface rock 
specimens; and at great depths this must be very largely or wholly 
done away with by the pressure of the superincumbent crust, as 
shown by Van Hise and others. On the other hand, however, the 
density determinations are probably more equably distributed among 
the various kinds of rocks than are the chemical analyses, which raav 
reasonably be expected to include a possibly undue proportion of 
u interesting” and rarer types of rocks, as has been mentioned. 

It is impossible at present to evaluate the relative influences of 
these several factors, but T might incidentally express my surprise 
that such a simple means of arriving at an estimate of the average 
density of the rocks of the earth's crust as is here suggested does not 
seem yet to have been attempted—at least nothing seems to have been 
published on the subject. An estimation that I am now making 
along this line is not yet complete enough for publication in this 
paper, but will be given later elsewhere. 

On the whole, after due consideration of the several factors in¬ 
volved, I am inclined to put much greater weight on the final result 
arrived at from the averages of the chemical compositions. This, 
also, is subject to certain possible corrections in the future. Tt would 
seem to lie probable that it is somewhat too high, as it does not 
include any. or at least a proportionate, number of analyses of many 
krge areas which are almost certainly generally granitic and there¬ 
fore relatively light. This applies to the interiors of Asia, South 



.. , , ... impossible now to estimate 

the magnitude of this correction. 

On the other hand, if we are dealing with the rocks of the crust to 
any (humanly considerable depth, such as tbe 10 miles assumed hv 
C larke, and which might justly be placed at 20 or more, we m«it 
with t ie possibility of a correction in the other direction: that is. 
toward a higher density. This conclusion is based on the ideas of 
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Daly and others ns to the existence of a basaltic substratum beneath 
the dominantly urarbitic- outer shell, that is brought about by a gravi- 
fcative adjustment," 

Balancing up these conflicting factors, I am inclined to place the 
average density of the crust at about 2.75* at least for the uppermost 
shell, while that of 2.80 would probably be nearer the truth for the 
average of any considerable depth, such as 20 or more miles. In the 
present state of our ignorance and the paucity of our data* however, 
it would seexa to be wisest to accept the figure given by the many 
analyses available and assume n density of 2.77 as that of the earth s 
craft. 



Geodesists have assumed a density of 2,07 for their studies of 
iso^Usy* ns will he noted elsewhere. They kike into their calcula¬ 
tions, however, only the extremely superficial layers* including such 
strata as soiL and light sedimentary deposits. As will be mentioned 
later. 1 am inclined to think that this estimate is much too small and 
that the bads of their calculations should be a considerable higher 
density. That of 2.77, here assumed, or possibly batter, 2.75, would 
seem to be the best available under the circumstances. 

a ocr. i>KKSrrrEJt and elevations 

With the analyses in Table IY are given the calculated densities 
and the average elevations of the continent* and the depths of the 
ocean floors referred to sea level. The general relations are graphi¬ 
cally expressed, in figure 3 P The lowest graph is that of elevations, 
the uppermost is that of densities, while the intermediate one is that 
of specific volumes, or reciprocals of the densities, which serves 
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I'litter to bring out the parallelism. The sequeim? of the continent*! 
and oceans is arbitrary. 

It will be evident from the Table 1\ and from the graphs that 
theiTj is a close relation between the average densities of the conti¬ 
nental masses and of the ocean floors and their average elevations or 
depressions. They stand in inverse relation to each other; that is, 
the higher portions of the earth’s mist are composed of the lighter 
rocks and the lower portions of the heavier. When it is remembered 
tliat these relations are shown by a very considerable number of 
averages based on a very large number of trustworthy analyses (the 
hugi-t SO far available) from all parts of the earth, the correspond¬ 
ences are too Anting to be explicable by an appeal to chan™ or 
coincidence. Tins is even more obvious when wa come to consider 
the relations in greater detail, as we shall do presently. 

fii discussing this subject it must bo kept in mind that wo are 
dealing with the averages of large areas and of inanv analyses, so 
that small and local details are lost. Thus a number of volcanoes 
show flows of heavy basalt covering lower flows nr inner cores of 
lighter rhyolite or andesite. Again, it is not uncommon to find 
sheete of heavy basalt capping plateaus nr forming the summits of 
their mountain remnants. But such apparent contradictions to the 
general law shown above are but local and minor details, insignificant 
f Mtopared with the immeasurably greater masses of which they 
form but topographic surface features* J 

The general relations between rock density- and elevation are also, 

T? .r ,lly r° re S f kingt /’ Eeen vhea «» presented in greater 
detail, as is done m figures 4 and 5 « These are based on the average 

dairies calculated from the average chemical compositions of the 
recta of different countries and regions, ns determined bv Doctor 
Clarke, Th«* represent the general elevation and corresponding 

average densities along two zone* amund the earth, the one rouizhlv 
between latitude 40° and G0° N. nmi ,\. a ' n roughly 

IC" mlj 8. It is to be understood tbst the graphs ere touch 

The outer circle is th.t of so, lord uud the irreguiur liue that 

HT ,t » , ewsltusd graph of the lend eferstkm^nd th° ore,u 
depths. Though the positions in longitude are , i 

rret, the MW scale of there ianot that 0 f the Jg 
by the sea-level circle, but the heights and depths „™ I, 

exaggerated, otherwise the differences would nof be iicrrerS^^ 
prectichU, illustration, The portions of the taj“re "hoT 

!■«*■—*«■. ” asst 

“ t "° r ** tkl. IWihtld Of i On, InTTpV —-— 

f-r t»* ijfvptijikGBl Laboratory. *“ «« m. l, «. AtS.ng. 
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die interiors of South America* Africa, and Australia mo the conti¬ 
nental elevation averages as given by Murray, 

The inner circle is that of the average specific volume ( t ^t T =e1SG1) i 
and the inner broken lias, made up of arcs, is that of the average 
spec die volumes of the portions of the earth's crust radially above the 
successive small arcs. Specific Tribunes (the reciprocals of the densi¬ 
ties) arc used instead of densities because: the relations are brought 
out more clearly and immediately by the parallelism with the eleva¬ 
tion! graph shown by the former. The arc portions of the specific 
volume graphs in solid lines Lire the ascertained averages, while por¬ 
tions that are unknown, because of the absence of exposures of 
igneous rocks or for other reasons, are indicated by dotted arcs, their 
radial distance being roughly estimated, so far as is possible. These 
various arcs are connected by radial dotted lines* 

The center of the circles is the locus of the fixi-Sj seen from the 
North Pole, and is at the same time the zero point for the two graphs. 

The graphs show the correspondence between elevation and spe¬ 
ed! c volume so dearly that it is scarcely necessary to go into a detailed 
description; yet a brief summary of the northern zaue may be of 
interest. This represents the conditions around u zone which ex¬ 
tends roughly between 40° and 50® north latitude, varying somewhat 
north or south as to include available data and complete the circle. 
The data on which the graphs are based are given in Table V T 
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Let usi take a little journey a round the earth along the northern 
zone. (Fig. 4.) Beginning at the Pacific coast, the land gradually 
rista amiss California to the high plateau of Nevada and Utah cul- 

SJjJJJ'JJ 1° C ^ rft(Jo \ ?****'* slo P° s gradually down, across the 
Great 1W (Kansas), to tl,e Mississippi Valley. Along this dope 

P «5 C 5 1 ^ Vr T*° a * Md ‘ 8 ure “* except for sporadic 

and little-studied occurrences in the Ozark Ridge. The slight rise 

g«n in the Mississippi Basin is the level of the rocks of die Lake 
Superior region (Minnesota, Wisconsin, Michigan). East of this 

fwTiM VT TT S TOCkS J are known th ™* mentioned 

abou, and the land slopes gradually up to the Appalachian Ridge, 



.■dMBt of ttuo, .TOO, Kiw En E l,od m ,ho gn.pl,, do^u, to 

Th. Boor of lUe Xortl, AUjtfio m ^clenal „rr „„ M1 „ ril , ami 
the Azores and Iceland are about our only source of ir.fnm 
to the composition of its floor along this zone Onlh.. * lation as 
Alliinlic llw Brl&i M« A. lohiHSl “» 

aU>ve lts airfare. The average elevation of France is 2»ktT!rT 
timt of Germany (which is inserted in ihe zone a tittlo * 1 
is still somewhat higher, nod thus we come to sJLfirlpnd^?*? 
Tyrol, the culminating portion of Europe. To the cast of' u 

an average cWtion slightly greater than tiiat of Geru^ ^ 
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Austria-Hungary, and llieti to tin? cost the low-lying plains of south 
Russia. East of these arts the t T ml Mountains, and then (bending 
somewhat southerly) we pass through Turkestan and Persia, and 
ranch the very high Pamirs, the “roof of the world” Thence the 
surface slopes down across China, rises again in Japan, and again, 
drops to the depths of the Pacific Ocean, 

Let us now see how the rock densities, or rather the rock specific 
volumes, correspond with the elevations. This inner graph, it is to 
be remembered, re presen Is tho specific volumes, that is the reciprocals 
of the densities, so that St is inverse to what the graph of the den¬ 
sities would lw—that is, Use heavier the average rock the nearer to 
the center it is on this graph, and the lighter the farther away. 

Starting with California, wo find its specific volume arc above 
the average, and that of Nevada-Utah to the east still higher. The 
average of Colorado is a trifle lower, though the elevation is higher, 
and this is one of the very few notable exceptions to the general rule. 
We are ignorant of the igneous rocks beneath Kansas; they are in¬ 
dicated as but a little above the average, which is probably not very 
far wrong. There is a decided rise below the Ozark Bulge (with 
its greater elevation), while the arc below the Mississippi Valley 
is represented by the small arc for the Lake Superior rocks, which 
are high in iron oxides and with high average density, t)f the rocks 
lielow “ Kentucky ” feast of the Mississippi) we know little, but 
the Lake .Superior arc is continued here because of the sporadic oc¬ 
currences of some heavy peridotites in Kentucky mentioned above. 
The graph rises sharply in the arc beneath the Appalachians, falling 
again beneath New England, which is distinctly below the average. 

With the Atlantic floor we descend to :in are beneath it that is 
well toward the renter, as its rods are of very high density. The 
arc for Great Britain is scarcely alums that of the Atlantic floor, that 
of France distinctly higher, though still below the average, while tho 
arc Iwlow Germany is just above the average." With the Alpine 
and Tyrol are- we rise well ttlx>ve the average and here, just as in 
the elevation graph, we reach the culminating point of Europe. The 
are- beneath sou them Russia (dotted) is placed at a level but slightly 
different from that of Great Britain, because, though igneous rocks 
arc rare in (his district, there are occurrences in Volhynin of very 
heavy iron-bearing basalts. The arc beneath the Urals is but slightly 
aliove this, corresponding with the heavy rocks of these mountains 
which, it is to be remembered, ore low and little more than large 


Tbp 'txvlflr vn]Lmi.‘ tUr far Gfimt&r BhoulJ bn bat little #bon> that «f FnLDCo to r„rn- 
JT - "lib the n-latlt'e tlenlliu; jr «, bo much hltfier b. cu*n m,mj af the 

Qt ihv heATlrr fwkfl L din boat'*, u«*]ti r ete_j T . (he m.sLvij« of w’Uch |« 

most liable la error, are <sf rvty poor fOaUfr. nfitl an tblTO fan? omitted. 





314 AsmrAii bf.fort Smithsonian institution, imo. 


hills. Of tl(o rucks (if Persia and Turkestan we know hut little, so 
llu 1 ! arc below this is dotted and elopes up to that beneath the Pamirs, 
or central Asia. Here apt in our knowledge is far from precise, so 
that the arc is dotted and is placed at the level of that of the average 
of Asia, though it should probably be somewhat higher. Analyses 
of Chinese rocks are few, but they would seem to be in general like 
those of the Pamiiv, though a trifle heavier. The Japan arc is above 
that of China, and cast of this we reach the wide arc beneath the 
Pacific Ocean—the lowest of all, just as its rocks are the heaviest. 
After the journey around the world that we have just made in the 
Northern Hemisphere it seems quite needle® to describe that in the 
Southern. (Pig, 5.) The render may follow the correspondence 


Lai W'-ATJ 



for himself, remembering that the available data along this zone are 
far less numerous than along die northern; though we have good 
knowledge of the rocks of Madagascar” Eastern Australia and N T ew 
Zealand, and fair knowledge of those of the Andes and western 
Africa and the Ethiopian Hift Valley, 


ROCK DENSITIES AND ISOBTABT. 


Wc come now to the final section of our study of the earth's crust, 
the application of the data just presented to "no important theory 
regarding the stability conditions of the crust, the theory of isostosy. 


"**• iww *•«•«? or st»<iw™ i> Tmqnrpti.iopiMy th „, that hm ^ , 

mfeoTTB, lif !th- muft? mrv minljTO* now ■ irsJSatiSe. The frtnKj + m muwrflf elm: 
crij fe-t at ft-uOlDU, an j feu. fell ot fe e floor of thr InJIw OcZ * 
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As far buck as 1SSB J, H + Pratt suggested that there was a defi¬ 
ciency of gravity beneath the Himalaya Mountains, busing this on 
the anomalous behavior of the plumb bob*** He also propounded 
the view that the heavier portions of the earth’s surface were sinking. 
Later, Dutton" first clearly expounded the idea that the various 
portions of the earth’s surface, being laterally unlike or heteroge¬ 
neous, are in a delicately bn lanced condition of equilibrium, so 
that the lighter portions (those of less specific gravity) tend to rise 
und the heavier (those of greater specific gravity) tend to sink, 
the various portions thus balancing each other. This theory T later 
called Lsostasy (meaning equal standing), was taken up by Hay- 
ford, and he and William Bowse, of the United States Coast and 
Geodetic Survey, and others, 42 have done much to develop it, espe¬ 
cially rtn- regards it? application to gravity problems. While still 
in dispute, especially as to some details, it is now a well-recognized and 
generally accepted geodetic theory. 

It will be well to quote in part Rayford’s definition* *1 of isostasy* 
Assuming a condition of lateral heterogeneity, he says; 

Different i*ortLonjs of the same hartaoncnl ^trattini mny bare somewhat dlf- 
fereat densities, and the actual surface of the ottrih will a Alight depart tire 
from the eUlpsulid of revolution In the sense tihii above each region of defleleaf 
dander i hare will be a bntge or bump tin the ellipsoid am I nbmc each region 
of density there will bfc 11 hollow [depressionh relatively speaking 

The humps on this sappwrj earth will be the mountains the plateaus* the 
continent*, nnd the ho 3 Iowa \ depress!ans] will be the oceans. The escc«* of 
material represented by that portion of the continent which la above sea level 
will ike compensated for by a defect of denary in the underlying material. 
The continents will floated, so to because they are composed of rela- 

Hvciy light material, and, similarly,, ibe floor of tbe ocean on this supposed 
earth I will J he depressed beentk* it la ramp^ed of unusually dense material. 
This particular condition of approximate ftjQUlbnuin has been given the name 

14 IflQStHf," 

As hs is been noted above, in the case of northern India, it has long 
Iwn known, from pendulum iktermillations of gravity, that in 
many portions of the earth the observed force of gravity does not 
correspond with that culculatcd from the form of the geoid, after 
making corrections for the influence of topography (such as the 
attraction of near-by mountain masses) and for the elevation of 
the station above sea level, Thus, it has long been known that 
gravity is on the whole greater over the ocean than over land areas, 
und this has naturally been connected with the fact that the rocks 
of ocennig bland? ary mostly basaltic anil therefore heavy. 

* Cf. M4lu£p, J. P . Thi- Pfs>!‘Crtfl of YgImhIspl p. 04 r JOJ4„ 

“ Putt on. d, K- r Hull. I*ft!l. So€, Wash., *1, p, J51, 1080. 

u For fpfi‘PtOna k bo* I^dlftgB, dt, p. AS, 

« Huyfnnl, I. F, s Tb» Finn? of th* Sftitfa* p 00, 1000 J Cf. R*wS* e W,. U. 0. Cowt and 
GiVKMtr Bumy, Special Fnhllen Hon S'o, 40 r p. 7, i9!7 r 




31 (> ATTSUAL REPORT SMTEHSOJOtS IXSTITUTTOfT, 11>®. 

1 iipse departures from the normal are known as " litinumlics." 
Tbaj may be either positive, when l!ie gravity is above the normal, 
nr negative, when it is below. The anomalies have been studied 
with great care and in great detail, especially by Hay ford and 
Bowie in the ares of the United States, who have invoked the 
theory of teosiasy to account for them. This explanation is satis¬ 
factory to r very large extent, but, ns Iddiugs Bays, “ There remain 
anomalies of density which need to be accounted for.” On the 
whole, however, it appears that the theory of isosinsy “obtains for 
tiie major features of the earth's sorFace.” Ir may be suggested 
here (though the matter can not k* discussed) that the discrepancies 
may be due, in part at least, to the fact that the geodesists have taken 
account of the rock densities only of those portions very near the 
surface, mostly suite and sedimentary rocks, and have neglected tlio 
deeper-lying portions. The average density assumed by geodesists 
fnr the surface rocks is 2,67, while, us we have seen, that of the 
igneous rocks of the earth's crust is 2,77 or 2.73. 

Tt will be seen that the idea of the continental masses being com¬ 
posed of light material while the ocean floors ere of heavy is by no 
moans new. Up to the present, however, there Lias been no quantU 
tative verification of this, except for the few figures covering limited 
areas given by Idclings. The data given above, with the graphs, 
therefore, are of special interest as furnishing n first approximation 
to a knowledge of the actual densities of the various portions 
of the earth's cniut. Tt is evident that they are, on the whole, and 
even in considerable detail, quite in harmony with the theory of 
isostasy. Indeed, based, as these figures arc, on a large number of 
data (the largest by far vet available) from nil parts of the earth, 
and showing such a complete harmony between average density and 
average elevation everywhere, they may fairly be said to be more than 
coincidental, and to constitute almost a conclusive proof of the gen¬ 
eral validity of the theory of isostasy. 

Ope further point of agreement may be mentioned. In figure 0 
is given a. map of the United States reproduced bv Harrell 1 *' from 
Bowie, showing the distribution of the gravity anomalies over the 
United Si ates. Let us compare this with tlio description of the 
eomugmatie regions of the United States (fig, 2 ). In fign« 0 
•lotted areas are those of positive anomaly (excess gravity), while 
those not dotted are of negative anomaly (deficient gravity). 

In the extreme northeast is a small area of positive anoraifr about 
the Adirondack?, which corresponds with the small comugmiitie tut 
Her there of the Canadian Shield, of which the rocks are above 
the average in density. The greater part of Maine, with its 


■■ ltnhfT.ll. J'._ Jour, fiwfl. nil, p. 153. lPLi 
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granites, of low specific gravity, shows negative Anomaly* and this 
area is continued down along the Appalachian region, the rocks of 
which are of general low density. The small areas of posi¬ 
tive anomaly in eastern Massachusetts, Connecticut, and New Jersey 
may probably be connected with the extensive Triassic flows of heavy 
diabase and basalt which am so common here. Around the Lake 
Superior region we find tin area of very high positive anomaly, w hich 
corresponds with the high density of the rocks of this region. 
On the other hand, in the MUaottri-Arkansas-Oklahoma region is an 
area of pronounced negative anomaly, which corresponds with the 
low density of the region of the Ozark uplift. East of this, 
in Kentucky^ and Tennessee, is an area of somewhat high positive 



FfC. tk—DttfctiMj portions t ArCO of pealtl?? KDOttilljr, ex :‘m of auto, OiTe flurffl?* tw 
hlfh or driiAlIf of Bpper eni*t iftlMv* mi’jui Blank pqrUctib Arru of neptiw flEQiau]}', 
iS^flrSi-ocy nf mi.** Den* lu surface loo taw or 1E1 smilj ujipef cftJst iHrksw hji:s.k. U rar¬ 
ity JtljocnaMi-^ In th* UrEIihiI StiVn. 

anomaly, anti this is in harmony with the supposition made above 
that the rocks underlying this area are decidedly heavy* 

Toward the west the relations become more complex, just as is the 
geological structure and as arc the comagmatic relations. We can 
not here go into details, which are reserved for a future publication, 
hat the general area of negative anomaly covering the Colorado and 
Nevada-1 tali plateau, consonant with the light rocks here, may be 
pointed out. as also the small area of high positive anomaly in Wash¬ 
ington and * )regt>n, which may he connected with the very extensi ve 
fluws of heavy basalt of the Snake and Columbia Elvers. 

More might be said on this topic, but sufficient has been brought 
out here, it would seem, to show that there Is a coincidence, even to 
very localized relations, between the average densities of com agnatic 
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regions in the L nitcd States and their gravity anomalies. .Vlsn, tbev 
appear to ba too concordant to Imj the result of chance, so that we are 
justified in assuming that the two lire causally related and that the 
theory of isostasy is thus justified. 


st'.v M ,::r, 


After brief consideration of the interior of the earth, the general 
characters of igneous rocks are discussed, and tin? presence of water 
vapor and other gases in the magma, and its analogy with a sail 
Solution, arts pointed out. In the discussion of the mineral characters 
of rocks, stress is laid on the fact that the numiter of essential rock- 
fonming minerals is very small. These are mostly silicates of Al, Fe, 
Mg. On, No, and K. Any two or more of these minerals (with two 
or three exceptions) may occur together and in any proportions. 

The chemical diameters of igneous rocks are summarized and 
the ranges and maxima of the various constituents are given. The 
me rage igneous rock is considered, anrl after some discussion of 
the sources of error involved in the calculation, a new average in 
terms of oxides (baaed on 5,159 analyses) is given. The average 
ro^k is shown to be approximately a granediorite. 

, Average composition of the earth a trust in terms of elements 

“ “if 0 Twdv * elrments (°» Si, -U Fe, Ca, Na, K, Mg, Ti. 

II. 1, and Mn) make up 9D.61 per rent of the crust. 

The elements are referred to two main groups in the periodic 
table: (1) The petrogenic dements, characteristic of and most abun¬ 
dant in the igneous rwks, of low atomic weight, and occurring nor- 
maliy as oxides, silicates, chlorides, and fluorides; (2) the uirtallo- 
gemc elements, rare or absent in igneous rocks, but occurring as 
ores, of high atomic weight and forming in nature * native” metals 
sulpnideo, arsenides, bromides, etc., but not primarily oxides or 
silicates. The suggestion is made that beneath the sUkate crust of 
petrogemc elements is a zone essentially of nickel-iron and beneath 
tins a central core of the met allogenic elements. This vertical dis¬ 
tribution m in accord with Abbot’s views as to the distribution of the 
elements in the TOIL 

Tn igneous rocks and minerals the elements show a correlation, 
in that certain of them arc prone to occur with others, and a similar 
limited correlation is apparently true of the animal and vegetable 


The idea «f *' comagnmt ic regions--that is, the distribution of 
igneous rocks in regions of chemically related magmas-U discussed, 
and some of these are briefly described. 
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Tho calculation of rock densities, from their chemical composi¬ 
tion is discussed and list average chemical compositions and densities 
of tho continental masses and oceanic floors are given. It is shown 
by these that the average densities of the continents, ocean floors, 
mid various smaller regions of the earth stand in inverse relation to 
their elevations. The bearing of this relation of average density and 
elevation on the theory of isotflnsy is pointed out. and it is shown that 
the data presented are confirmative of the theory. 




MAJOE CAUSES OF LAND AND SEA OSCIL¬ 
LATIONS/ 


By E, O. UiJUcB, 

UnUr$ Staff* PujTffjr. 


That the position of the strand line—hence Use relation of land 
ami sea levels—is and Iwts ever been subject to change b a feet now 
established beyond all possible contradiction* The evidence allows 
thill lit times the shore line retreated, leaving such feature os ele¬ 
vated sen plains and cliffs on the enlarged land areas; sit other 
tunes the seas advanced on the Iand, druwiling previous river val¬ 
leys, cutting mw sea plains and laying marine deposits much far¬ 
ther inland than before. These frequently recurring positive and 
negative movement of the strand line varied greatly in amount, 
but on the whole they were rhythmic in oct-mmin™ and volume* 
13 lit neither the record of these movements nor the rhythm ll a sit runs 
through it is at nil simple. Moat of the criteria by which we tltv 
term ilia that suhmergenee has occurred in one cam and emergence 
in another arc relatively simple and easily applied But when it 
comes to correlating die successive stages of emergence and sub¬ 
mergence in different localities, or when we Beck to arrange the 
movements in proper sequence and tu determine their relative dura¬ 
tion* the problems become involved and often exceedingly complex. 

The evidence presented, especial I y in the past few yenrs, by 
Vaughan, Daly, and Barrel! seems to prove that at least the marginal 
parts of the continents have lieen subjected repeated!Iv in recent 
ideologic ages to positive and negative displacements of the strand 
line; also that the vertical element of these oscillations is not uni¬ 
form in a in on nt at different places. Considering only the Fleislo- 
cene to Recent movements* their differential character at once sug¬ 
gests that these were in no case whoUtj due to either the alternate 
storing and unloading of water in the form of ice on the lands or, 
as Suess ami Schucbert have it, to retreats occasioned by periodic 
deformstion and deepening of oceanic basins and ensuing slow suh- 

1 nidrpM ftfinrt thf flwifrr 4f Wuhltutt^n, n^t. in* 

1DI0 r fi^prlBE^-ri bjr pcnn3**[on from the J^iarP-il of Ww ta>d Asatk-my ol $etrdcv* F 

tdI. 10 p Scv. Frfc i, mu. 
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mergence fay deposition of land detritus in the seas. Doubtless both 
of these processes contributed to the displacements of the strand 
line—elastic deposition continuously, and deglaciation more occa¬ 
sionally, in effecting submergence; accumulation of glacial ice and 
submarine deformation in effecting emergence. In B U ca8e8 t lm work 
nf these agents tended to produce nn even rise or fall of the sea 
level So far then as the coast lands are conrerued the displacement 
of the strand Hue by these two causes would hare been essentia Mr 
eustativ- 

But we know tliat commonly at least, the displacement of the 
strand line was not entirely oust*tic but more or less differential 
even in short distances. Other causes, such as deformation bv load- 
mg, variable gravitational attraction, etc., must have contributed 
to produce the complex result. Of these other factors, I am sure 
locally varying movements within the land masses themselves, in¬ 
cluding tin* more or less submerged shelf, are the most important. 
U hilt «• effects of the several factors in each particular 

resc may have been constitutes a most difficult and varying problem, 
lias* proportions can not possibly have been the same in all cue*. 
, ** only one of the causes of submergence—namely, the filling 
of the sea basins with dfeposit-could have been eonstantiv in oper- 
atton though obviously most variable in the volume of rewilt. Then, 
on tlie other hand either sudden or gradual deepening of an ocean 
bmsm would by itself suffice in effecting emergence 

IV ‘o » certain point I agree with the" suggestions of Penck, 

, - T nmI Warning the competence of the Pleistocene ire 

shrete to effect considerable lowering of the sea level- and the evi¬ 
dence indicating warping of the land surface, became of the uneven 
distribution of the .re load, as first pointed out by Jamieson, seems 
o me reasonably compelling. I believe also that in deglaciation 
the land surface largely reestablished itself bv elastic, or rather 
iso&tntie rebound to preceding relief. f 

Though acccpdti'r in mulifel tun, the id,» „f gl.ci.l rental 
of pnrticukriy Pernor™- „ levels, it is t„ be J tnird ttal 
II, e present wel-kenwu otto,™™ in 5Je«fo„„dl.e<l i„ 

.Inmime I rounds of mnny plants eharci-tcristie of thn cnusliil 
plain of New Jersey and the south tends -ut , V i ir i u ri 
roll, 1 “to rule ont the hypothesis that ^ 

only by the level of the ocean water as controlled htelt 1 ? 
ci a tiod. ?! The extraordinary distribution 0 f plants referee 1 t ■ 6 n 
not be bronghi about by natural processes to-day. Evidently 1 the 
noniieni ocoumne of thm flora is to viewed^ r ,J n ^ 0 ^ 

Jo urn. Sd p 40, lf r jjij, " " -- 
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preceding continuous distribution established when the diowU of 
the northeastern const was warmer mid its coastal strip higher, wider - , 
and much less broken by water gaps. These required land con¬ 
ditions may lie readily conceived as having obtained during, and 
sis 1 1 living restilied from, the ice loading of the glaciated regions to 
(lie west and northwest. As the hitter sank under their growing 
load the continental shelf bulged its surface above sea level. But 
whether the plant migration could have been effected during the 
maximum extent of the Labrador Pleistocene ice sheet is so doublfn! 
that Burrell J thought it, necessary to assume delay in the settling 
back of the up warped marginal jsone after the removal of the tee 
sheet. As defined by Barrel], his hypothesis is “that the weight of 
the ice sheets caused crust ill depression directly below the load, blit 
moderate elevation in a wide zone beyond the load. Upon the 
removal of the ice it appears the first isostutie up warping carried 
up higher this marginal upwnrped zone with it. Being already tin 
upswollen tract the broader regional movement carried it up to 
a level where it become unstable anti a slow settling back occurred as 
an after effect, coincident with the last stages of up warping over tho 
centers of glacial load. The actual evidence at hand does not deride 
betwefeu these hypotheses. The association with tho dose of gla¬ 
ciation appears to favor a genetic connection with deglaciation, but, 
on tlie other hand, it remains to be demonstrated why the extra- 
murginal zone should rise together with the region directly glaciated, 
or tliat the cycle was restricted to such an extra-marginal zone.” 

That the eastern margin of the continent, south of Labrador, 
did rise to higher levels than the present during the retreat of at 
least the last Pleistocene ice sheet seem.-, with Harrell's interpretation 
of .Woodworths 4 data and conclusions regarding “Ancient Water 
Levels ” of the Champlain and Hudaon Valleys, highly probable. In¬ 
deed. supported as this evidence is by the facts concerning the dis¬ 
tribution of the coastal plain flora just alluded to, emergence of this 
marginal area at this time may justly I* accepted ns reasonably es¬ 
tablished. As will have been observed in the quotation, Bart-ells 
hesitancy in adopting this hypothesis arose mainly from the uncom¬ 
pleted demonstration of ‘why the extra marginal zone should rife 
together with the region directly glaciated.” 

In thinking this mutter over the possible solution of the difficulty 
somewhat crudely illustrated in figure I has been reached. The 
diagram represents in generalized profile four Pleistocene stages of 
eastern North America, the profile running southeastward! y from 
La lira dor to the edge of the continental shelf. The Stages are repre- 


1 lOrm, pp. 1&-21. 
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sotiteiJ separately, showing relief of lurid surface in ent’Ii and the 
extent of the ice sheet in the maximum and two partly doglacSated 
stages- Thu fourth represents the present condition. One of tlio 
new features is that :i^ the ice retreated the nortnalh positive strip 
bordering the present eastern shore respondeil sit once to the h h ;i — 
from directly applied weight pressure by rising. Ejnergciue of tlii* 
Piedmont and Coastal plain strip would be further insured by flu; 
OLH i ^ity of maintaining i-osbttie balance with Lhe outer atrip of the 
continental hiu?lf whieli had bulged to emergent status by subterra¬ 
nean flow from beneath the ice loaded lunch In consequence, n. the 




Fiu. 1.— OedcthU^I (iraflSm cl *nMrni JCotfh America Iq FMplw-m- ■td*r^ Intlkntlits 
ijMtaUc vertical of of niho.-rtif rr in pvr(K^=w Of de^laiitn Ifcpu - I f CHar ■ 

Liy; maitinisiBi extra! flf Sit * 111 * 71 ,, wbrb ih* enncr part of cnatIbrataI fl he|f *il* ciqr^d ; 
-■ WL,-J| lJt “ Ll * I** 1 * fMid the pr^wat mnslal scrip : J3. A fci-r ^hru 

E»m- tea iS»wl l T 4*d r-Mlutv,] fo tbfr aeh &f Mbrador; I, relief of Ir.na, wttls 

•J'lfcuBeriiTdiM:- or «■ ontlnramJ ihtlf Apprcnim.urlj similar cun JlEloflJi may be supposed Ut 
bmp HiEnlai^J Is tftft erowlas- vtugee of tbi Ice ahn^L 

ire -heet retreated the emerged outer part of the continental shelf 
begun t« sink, whereas the strip along the landward side of tliti 
present shore rose, Among the physiographic changes that may Im 
supposed to have occurred at the time of this southwardly demis¬ 
ing elevation of the const lands north of Baltimore is the cutting of 
the now buried deep channel of the lower Hudson: also tile sharp 
southward defleetion of the Delaware rind Susquehanna Hiver^. Dur¬ 
ing the preceding maximum extent of the ice sheet Maryland is sup¬ 
posed to have stood higher than at present and the lower stretches of 
these rivets either flowed northeastwardly or they emptied more 
directly and much sooner into the sen, which then probably covered 
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the New Jersey port of the coastal pin in and extended widely into 
the eastern valleys of the adjacent Appalachian region. As the ire 
sheet retreated Maryland settled back while the coast land: to the 
north ruse. The resulting emergence and the reversal of the till of 
the land surface must have produced corresponding changes in the 
direction of flow of affected rivers. Obviously results like these re¬ 
quired practically immediate isostatic response to both the accumu¬ 
lation and the removal of the burden of ice and not as Burrell 
thought, 41 a deferred intermittent, and possibly oscillatory, read¬ 
justment.” (Op. cit. p. 21.) On further retreat of the ice front the 
Upward movement of the latter was arrested and finally reversed, 
so that it shared in the general subsidence of the marginal area when 
the complete withdrawal of the ice sheet permitted, iflostatic rebound 
of *hc unloaded interior highlands to their preceding and present 
normal laud altitudes. 

In consequence of the bulging of the son bottom adjacent to shore 
lines that in the maximum spread of the ice sheets had sunk beneath 
the load of ice, the capacity of live ocean basin must have been cor- 
respond]ugly lessened. This in turn would have tended to retard 
and finally reverse the downward direction of the change in sea 
level previously prevailing on account of subtraction of ocean water 
for the making of the icc sheet. That is, ft would have caused actual 
raising iff sea level except in those pails of the shore line that were 
covered by the ice sheet and therefore directly affected by its weight. 
The upward movement of the sea level thereby occasioned would 
have been worldwide and eustatie. 

But the displacements of the Pleistocene strand line along the 
Atlantic coast that were in any wise connected with glaciation must, 
because of varying conditions arising from the fact that the ice sheets 
did not reach the shore line south of Xew Jersey, have varied greatly 
in amount and direction at different places. It’was only in the early 
stages of glaciation, before peripheral elevation of the. surface of the 
lithosphere with respect to areas bearing i™ loads had progressed 
to the stage wherein it caused material lessening of capacity of 
oreuu basins, that the sinking of sea level could have Ixvu eustaiic. 
Un the reversal of this sca-leve! movement, when the Pleistocene ire- 
sheet stretched to the shore and when os stated above, the consequent 
bulging of adjacent parts of the continental shelf reduced die capoc- 
\i\ of the ocean basin* I he change in sea level inimi filled in the 
3ith mice an id retreat of the Atlantic shore north of, sny Cape Hat- 
ui-h, wuy far from yilstatic. During this umsjmilm extent of the 
Labrador ice sheet* the ice-covered near-shore lands ahont the Gulf 
of SL Lawrence must have sustained extensive submergence* South- 
wardly from northern Maine to Xiw Jersey the amount of this sub- 
decreased perhaps to its mmiimmu On the other Land, in 
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Maryland, which I take to have l ain at that lime within the belt of 
peripheral Isostatic elevation, the hind was poshed up with resultant 
apparent or relative sinking of a*i level. Farther south, beyond the 
belt of peripheral bulging, the Atlantic shore probably shared in the 
ecstatic rise of sea level that prevailed generally beta use of the tem¬ 
porarily decreased capacity of ocean basins except, in the areas 
affected immediately and differentially by the ice sheets, 

Correlation of Pleistocene sen beaches in Maryland and Maine 
therefore suggests mid perhaps requires comparison of the low 
beaches in Maryland with high beaches in Xcw England. 

Because of this dissimilarity in manifestation, it seems to me that 
>t is only in the warm temperate and tropical zones lying well bo- 
J' !j nd the areas in which isostatic balance would be materially dis¬ 
turbed by known ico loadiag of lands. that the sequence and amount 
id the several glacially controlled Pleistocene changes of sea level 
are recorded in. their proper t elu Lions to the actual fluctuations of the 
volume of eva water and to the capacity variations of the basins 
holding it. But even in tropical areas the complete sequence of the 
use illations and the immediate nwa of each can not by worked 
nut w it bout taking strict aw-ount of wimt was happening at the fame 
limes in higher latitudes. 

In thinking of the progressive and regnei-mve sequences of move¬ 
ments it is well to remember that ice loading and sediment (reck) 
loading of epicontinental area- are comparable in their defortna- 
tinnal effects on the lithosphere only in one resjjeci—that is. in both 
cases the loaded area sinks, They differ, primarily, in that the ice 
cap originates on. and spreads outwardly from, normally positive 
ureas, whereas the rock sediments are laid only in areas of relative]v 
negative tendencies. Subsidence because of "ice lomling, therefore, 
a bin jr in at process in that it is carried on under unusual condi¬ 
tions, so tli[it normal gravitational tendencies arc reversed; in the 
other case not only the process hut tlie results also are perfectly in 
accord with the normal gravitational tendencies of the affected areas. 
-Next, they differ in that the ice sheets presently molt away, whereas 
the v,-iiter-laicl rock deposits commonly remain as a permanent asset 
of the urea covered by them, A third difference is that in the first 
coses the removal of the ice load tends to reestablish the normally 
positive tendencies of the deglaciated arras, whereas in the areas 
loaded with rmk deposits their normal negative tendency is nut 
reversed. 

blindly, there is ills? rather generally accepted belief among stre- 
tigraphers and students of pideogeogrephy that in the past the ad¬ 
vances of t!ic wi usually were slow and gradual, whereas the re¬ 
treats were more mpid and relatively impulsive. Many facts in 


LANI> AST* SEA OSCIIXATION'S—tJLHK’H * 327 

Paleozoic stratigraphy arc died in my in rapport of this 

belief, and Burrell. in 1015 ? expressed himself ns flavoring the view. 

Not* 1 , if we accept this conclusion it certainly does not help the 
hypothesis of measurable sea-level fall by storing of oceanic waters 
in continental ice sheets. Obviously, the subtraction of water from 
tliEji ssaa to make the ice sheets must have been a slow and on the 
whole gradual process; and the time consumed in the growth of tlie 
ice sheets probably was not materially shorter or longer than that 
required in their melting. 

From these considerations it is clearly evident bow exceedingly diffi¬ 
cult is the proper determination of the part actually played by glacia¬ 
tion and ensuing degradation in the emergence and submergence of the 
continental borders. The fall and rise of sea level directly resulting 
from the storing of oceanic water to make a great ice sheet that later 
is returned to the sea is so Intricately connected and interwoven 
with genetically similar hut nt times oppositely directed general and 
local deformations of land areas and also of sea-bottom areas adja¬ 
cent to the strand line, that the reliable valuation of the two or more 
factors seems ns yet practically hopeless. Moreover, it appears to 
me that only the early and the late stages of a period of glacial con¬ 
trol could have made and left anything approaching world-wide 
and vertically equal records of consequent displacements of the 
strand line. The early stages would be those in which the lateral 
growth of the ice sheet had not yet reached the jsohe in which the 
weight ot the ice would have caused extra margin a) bulging and 
apparent lowering of sen level far in excess of the fall actually 
occasioned by tran?feral of water from the sea to the land. Siini- 
hsriy the later stages would be those following the retreat of the iea 
sheet to the same relatively innocuous: limits* 

It follows then that only the custatie smaller shiftings of the 
Pleistocene sea levels may bo definitely ascribed to storing and sub- 
sequent release of frozen water on the land* And for these even 
it is mainly their occurrence in. a known ice age that induces one to 
admit their probable glacial origin. However, the larger and in most 
instances also much more local Pleistocene oscillations of the strand 
hiii.% even granting that their causation is intimately connected with 
ice loading and unloading of land areas, belong to another category* 
Strictly speaking, these larger tlisplucemenb? have resulted from 
truly lI tustrophic causes and processes that are concerned with the 
maintenance of the isostatic equilibrium of the lithosphere, 

t nder the circumstances* then, I must agree with Barrel] m con¬ 
cluding that the amount of water taken from the seas for the forma¬ 
tion of the ice sheets was not a direct L -major factor in the control 
of Pleistocene sea levels.” Movements, acting within, beneath, and 
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upon the lithosphere thus appear to have been the moro effective 
factors. 

That tho marginal Areas of tbn continents were at times elevated 
imd folded is, of course, accepted by all-even by Sums and his fob 
lowers, who speak of the continents » having the diameter of 
hoi«te and of the ocean basins ns being permanently “sunken 
areas. Sueas, however, believed that the median ureas of the eonti* 
nents am essentially stable, a view adopted by Schuchert, who holds 
that the com,„«it (North America) k a hot*. that the great 

HkiwT TT^t UnJl,0Ved! While “* often 

folded and elevated. The seas periodically flowed over this medial 

SrS *1■ r C * vd “ to the drtritul materials 

^ weame areas, thus filling them and enuring them 
to spill over on to the 1 anils.” 

^ this opinion * 011 the wnimry, though ac 
teptuig the idea, of permanent oceans and continents, it seems to me 

awVfrnnwf 01 f* wa * «*J«t to periodic movement 

KuZ hU Z t ^'V 4bnt U ’ e SUrfaC0 of tba lamh ' Vfts «**tdingy 

unstable in the median areas as well aS along the borders of the 

vSrlLiF ;f. e 1 ? e “^ hic »■» offer con- 

v nmng proof of sud, mutability, and the moro detailed maps made 

fliftr* his appeared further substantiate my claim. 1 

iimA Sf® c ? n(: l usions 1 ani mainly influenced bv a life- 

f Pitt T° tC f^tions and their faunas. The criteria 

.on, are deh^ ond discussed in my of 5, 

pubbshed in mi In this work more than 100 pSSV un- 

Sts * taB " — w -h 

vinX!^ XiTlI-I 511 ! 11 mCnti ° U bripfI y some of the more eon- 
t “ nt! in ^ aU?r detail a ^w of the 

from the Sni°f both to show that 
from the beginning of Cambriati time the surface of the continents 

rim* Sniicom- “T. and SnLilwt to *■*■"»* and 

UW ,?? ' VCr ° f^ndingly inconstant. ** 

withdnW1 ' ® part or entirelv. 

)n ”*• 6flm ? P^P**1 provinces the outlines of the new sm 

P^d ^^ 13 i- r, J oftB ? Ve r* v ctofld y* >» parts, With the nest 

Pitt:; 1 " ** ^ «* — *» line 

Plri^Tw^i 0 ^^ , iQ i S<Ue0wic which, unlike the 
i^ lvva in iVr I" n<) ^T 1 of (trout ice accumulations, Doubt- 
hm even in the PoWic the* were times of relative frigidity, . 
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when some of the higher parts of the marginal lands were ice- 
covered, in some instances attaining locally to glacial conditions. 
Here and there regular tillites are indicated, notably as recently 
brought out by Dr. Edwin Kirk, in the Silurian deposits along the 
coast of Alaska, Occasionally, too, transportation of bulky erratics 
by heavy shore ice is suggested, os, for instance, by the late Ordo¬ 
vician fiysedorph hill conglomerate near Albany, Sew York, and 
the great masses of unworn limestone of Ordovician and Silurian 
ages found in the curly Pennsylvanian Caney shale of castem Okla¬ 
homa. Hut the Paleozoic history of North America so far as known 
affords no suggestion of ice ages comparable to the Pleistocene period 
in the amount of water abstracted for the formation of the ice sheets. 
Moreover, by far Die majority of the displacements of the strand line 
in the continental seas occurred at times and places that givs no 
indication whatever of particularly cool climates. On the contrary, 
the entombed faunas in the overlapping and inter huge ring marine 
formations could hardly have lived in the shallow seas if the climate 
of the adjacent lands had not Iwen mild. 

W ith the data in hand 1 feel warranted in asserting that the level 
of the Paleozoic continental seas was seldom appreciably affected 
and certainly never controlled by glaciation. Besides, the appar¬ 
ently irregular, though doubtless rhythmic, shiftings of the strand 
line almost without exception indicate local differential movement 
in the continental surface. And these movements must have been 
connected with other more general movements, requiring at times 
partial or complete withdrawal of the waters from the land depres¬ 
sions, at other times permitting read vance in the same or some other 
newly depressed land basin. 

The varying distribution of marine deposits of successive ages 
naturally suggests differential upward and downward movement of 
the lands as the immediate cause. If the submergences had been 
occasioned solely by rise of the waters, the successive submergences 
won hi have Injun always similar in geographic pattern and different 
only in lateral extent. In fact, a general similarity or repetition of 
old piitierns is recognizable, but there is also exceeding diversity of 
expression, and often the difference is greatest when directly succeed¬ 
ing stages are compared. Often, again, when one stage appears to 
have been very different from the next, the following third nr fourth 
may tie very much like the first. Only oscillatory movements or 
warping of the land surfaces could produce such results. The area 
affected by such movements may be very large, as, for Instance, dur¬ 
ing the Middle Ordovician and Middle Silurian, when nearly half of 
ili« continent of North America was involved. During these periods 
the Gulf waters seem at certain times to have been completely with 
drawn from the southern part of the continent, the middle and 
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northern parts at such times being tilted so that the boreal sea ex¬ 
tended southward beyond Chicago and occasionally as far m northern 
Tennessee. 

Strictly, these widely operating movements hardly fall under the 
category of epeirogenic movements. On the other hand, they are 
not truly orogenic, if that term is to be confined to movements 
originating in shrinkage of the centrospkcre. Apparently they indi¬ 
cate a combination of causes, perhaps beginning or ending with the 
pky of erogenic factors that built mountains in the Hlbmsrginal 
areas, whereas the warping and deformation of tins more stable 
interior areas was mainly occasioned by the necessity of isostatic 
readjustments to stresses incident to the greater deformations of the 
orogemc movements 

Then there were many relatively local changes in the strand line 
of continental seas that may be explained only by assuming corre¬ 
spondingly local differential, vertical movements of the lithosphere. 
I do not refer to movements connected with volcanism. On the con¬ 
trary, the best examples of the kind in mind are found in areas but 
rarely nr not at all directly affected by vnlcanism. These differential 
movements indicate actual elevation of one urea while another near 
by was sinking. Moreover, in the next recorded ago the directions 
of ensuing movements at the two places often were reversed. The 
phenomenon might be likened to a gently convex platform supported 
in the middle and tilted alternately to the east and west and at other 
times to the north and south. The condition is recognized by the 
alternate presence and absence of sediments of particular ages on 
opposite sides of the tilting platform, f See fig, 2.) 

Comparative studies of the Paleozoic deposits in the Appaladiian 
Talley region, from eastern Pennsylvania on the north and central 
Alabama on tho south, have brought out over a hundred clearly de¬ 
fined examples of such oscillations. They are manifested bv the 
restricted distribution or local deposition of many overlapping forma¬ 
tions. having maximum thicknesses of from 200 to over 2.000 fret. 
In many cases these formations are wholly or mainlv confined to one 
or more narrow . troughlike. longitudinal divisions of'the Appalachian 
geosyncline and commonly to one or another of three divisions of 
the geosyncline that are more or leas effectively separated from each 
other by low transverse axes. The most northerly of these broad 
• uxes posses across the valley between Carlisle and Lebanon, Pennsyl- 
vania. It is known as the Harrisburg axis. The next, to the south, 
intersects the valley of Virginia between Staunton and Harrison- 
burg, flic third, or Wythov£Hfi axis, pisses across southwestern 
Virginia, which is to-day the highest and narrowest part of the great 
valley. The fourth axis crosses in tt more northerly direction "than 
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file others through the belt lying between Rome, Georgia* and Gads- 
don, Alabama. 

These tnmsversp axes do not cross the longitudinal troughs of the 
geosync line in continuous direct lines* On the contrary, their course 
zigzags within the varying limits of a broad band* so that the north¬ 
ern head of a bay In one trough may extend 50 miles or more beyond 
the latitude of the southern head of another younger or older bay 
in an adjacent trough. The band is wide enough and was always low 
enough so that regional tilting occasionally permitted overlap of 
edges of formations ttmsgrfflmftg from opposite directions. Often 



Ftfl. 2,-D!nsTiuD Illustrating tLIUnff □! tutorial* ttttAB of uplift (for rampt*, tl» dneia- 
B41] VHHMi')* imd IHi' conjs*qm-?it TgmtkUiv in Mnciuat* sAtaa?* ntnl ol the 

un £&Hr rppMite ildra. AtTOWm Indict te dlmtiftfl of hartxoia to! HrraiML The In tin 
A# A * A p fln Slit ofti? ildc, Bad B, JV, and B ,h , uu tfti*" rjtbcf, EoArit tile ■-ujile ^IdEj 
oa the C_iciIlb. gf Uie dam*- La sl\\ n-f the ttirta Ftajra. To. 1 l^na- Bea lap* Mjufl-lly qtl tmUl 
■Mf*' ia - thv eieratlPti of Hie damn U nctsatuated MiS lu Ftl.retn.Li bii m3 crated to tbo 
left, wlillo thre has advaaced rentb. mura e>B tbu rLfhl sldi- Chin pm |Lti left; tu 8 th# 
Eninmlt hiirf m3 muted In Lhf appMttc direction, bo that itfl drpodtis of tho prcwdlajf 
xlajL 1, an thr- rJ^ht J'j El Sea nrC latTfiilj amafipEdp vhtttaa an |he auhnnef^cd left Etsnlt tir* 
new E» a wiMj TOtlnp* ihfr deporitp Of the cwu preralln* st&g™ (V and 2 ). 

flic axis formed an efficient barrier in one trough and was much less 
effective in the one nest to the west or east. More rarely, a bay, ter- 
minuted at the north by u transverse axis T connected laterally with 
waters in an adjoining trough in which the submergence to not 
stopped by the axis. Finally, at other times the axis offered np serious 
obstacle to the passage of the marine invasion. Of course, the indl- 41 
vidual laughs were submerged over and over again, but in none do 
we find representatives of all of the formations known to have been 
deposited in the Appalachian Valley* 

Varying geographic expressions like these could have been made 
possible only by differential vertical movements in the concerned 
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parts of the lithosphene, and these Appalachian oscillations in sea 
level were by no means small affairs. Most of them are measured by 
hundreds of feet and some by thousands. 

Excellent and veiy interesting oscillations occurred about those 
more inland and very one tent positive areas known ny the Cincinnati 
and Kashville domes, the Ozark and Adirondack uplifts, and the 
Wisconsin peninsula. Of the many formations that ato found on 
their Hanks and which failed to pass over them much the greater 
number im confined to one or the other side. The sequence of 
formations on either side therefore differs greatly from that on tin- 
opposite side. 

Much space is devoted in my Revision of the Paleozoic St/etana to 
n description of the inequalities in areal distribution of the fortnu- 
tions that wens laid down on the flanks of these epirciiiLinental domes. 
With a few corrections and mcHlificut intis, in every case tending 
to emphasize rather than to weaken the argument based on the 
oWired phenomena, the published statements concerning them in 
that work have heen further substantiated by more recent investi¬ 
gations. Instead of overstating the number of oscillations in that 
paper we cun now prove many more instances than were known or 
even suspected by me in 1010. 

In New 1 ark State alone tbo joint investigations carried on in 
the Ordovician shales and l i mest ones on the south, and west sides of 
the Adirondack mass by Doctor lluedeuumn and myself, and on the 
Medina and t lintnit formations with Mr. llartnagle, have increased 
the established cases of sen shifting implying more or less decided 
differential vertical movements in the adjacent land masses to more 
Ilian twice the number contemplated when I wrote the R, virion. 

Similarly the work of Mr. Charles Butts and myself on the 
MisaifiBippion formations in Illinois. Kentucky, Tennessee, and Ala* 
bama has developed oscillation* of like character that were scarcely 
suspi^ctal sis yeans ago. 

Very notable additions to our know bulge of Cambrian and Ozark- 
ian oscillations also have made in the course of my work on 
the Paleozoic formations in WI* ousin. Before closing permit me 
to give sonic details concerning at least one of many similar new 
dssi oTcriea in thie and mljninm^ Stiiles* 

Only a few yean* ago the stratigraphy of the Cambrian dcresits 
m 1,1 thl ' «Pi*r Mississippi Valley was practically unknown or at I oat 
only very imperfectly understood. Because of certain iiiisappra* 
hensionp. now clearly understood, the correlations of the several 
sections by the Slate geologist* of Wisnorajn, aTnmcsnte, and Iowa 
were tmi only in^bqnate but quite in error* 

So tongas the observed variations in character of depute and 
th &l r fossil faunas were supposed to indicate nothing more than 
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merely local variations in contemporary seats and li fc si was almost 
impossible to work out the tree relations of the hc*U in the largely 
drift-covered, and hence discontinuous exposures of the Cambrian 
rucks. A new viewpoint was required; nlso rinser investigation of 
bedding planes, greater accuracy in noting lHe vertieul and geo¬ 
graphic ranges of particular species ami faun til ussociations and of 
particular beds* In short, it was necessary to employ more modem 
criteria, principles:, and methods than hud been used before* 

When the work of revising the Palcoaok stratigraphy of 
sdu ivus begun in ID 14 the ta.sk seemed relatively simple in view of 
the success that had attended our investigations in the ^(pposedly 
more difficult fields in the Appalachian region, about the Cincin¬ 
nati and Nashville domes, and the Ozark and Adirondack uplifts. 
Indeed, the results of the first &eason*s work in Wisconsin were so 
satisfactory to Doctor Walcott that he decided to publish my revised 
section hi bis work on the Dikdocephalid trilobites* As therein 
given the Upper Cambrian series in the Mississippi Valley is divisible 
into six lithologically and faunally distinct formation^ named from 
below upward: The Mount Simon sandstone, which rests on pns- 
Cumbrhin crystal lines, followed in turn by the Enu Claire shale, 
the Dreshadi sandstone, the Franconia (glauconite bearing) faiid- 
stone, the St. Lawrence format ion of limestone* shale and sandstone, 
«nd the Jordan san^ktone. Above these came the Lower Ozairkinn 
Men dot a limestone and the Madison sandstone* the hist of which 
is overlain by the Oneota dolomite of the “Lower Magnesian* 1 
scries. Aside from the determination of the lithologic and faunal 
sapience of the Cambrian in the western half of the State, the most 
important improvement brought about by the first season’s work 
was the proof that the Mendota limestone and Madison sandstone 
are really post-Cambrian formations and not. as had been supposed 
previously, the eastern representatives of, respectively, the . Law¬ 
rence limestone and the Jordan sandstone of Minnesota* In fact, It 
was then believed and has since been definitely proved that whereas 
the St. Lawrence extends uninterruptedly from Minnesota and Iowa 
across the southern half of Wisconsin and under rover of later 
formations into northern Illinois, the Mciidoia limestone is entirely 


absent to the west of a narrow trough running mu thensiweirdly 
from the southern slope of the pre-Cambrian Bamboo quartzite 
range. { 


In the following field season of 1915 doubt arose as to the eastward 
extension of the Franconia formation to and beyond Madison, At 
this place there is a more or Ii*s decidedly calcareous sandstone for¬ 
mation* approximately UK) feet in thickness, which lie* between un- 


* and oOict £*nmi ar lb? DilsrliXfO^H&q^ it he. CaII. iff, 
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quest inna tile Drcsltndi sandstone and no less certainly ciinblishod >t, 
Lawrence limestone and shale. The intervening formation therefore 
seem‘d to occupy the same stratigraphic position as the Franconia. 
But its lithological characteristics, except that it also contains con¬ 
siderable, though more disseminated glauconite, are quite different 
from those of the Franconia; nml whereas good fossil remains of 
characteristic types are exceedingly abumjint in the Franconia they 
appear to Le much fewer and, so far ns could be determined from the 
Iuindful of fragments then procured, of different species. 

In easting about for a means of determining the problem 1 thought 
of au old anticline that extends south west ward from the Bamboo 
range across southern Wisconsin into IUinoiiH. This axis had pre¬ 
viously been found to have had an Important effect on the distribu¬ 
tion of the Ordovician formations and it seemed worth while lo =00 
whether it had not been in existence, and functioning as n barrier, 

SOUTH or &ARABOO PH £- cam ft n JAH HAPJ4 Cj) 
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nlready in the Cambrian. Accordingly, a part of the season of 1916 
vtskR devoted to following the nearly continue ils exposures of Com- 
brian rocks in the bluffs and valley walls along the Wisconsin Hirer. 

Beginning at Boseobcl and going upstream, the Franconia, in 
typical development, was found to hold its own for a distance of 
shout «0 in tie.'?, when it began slowly to lose thickness by overlap. 
The succeeding 15 miles, which brought ns to the town of llone It«k, 
sufficed to pinch the formation out entirely. Beyond Lone Rock, for 
distance of about It) miles, in. which we passed through the town 
of Spring Green, the Franconia is absent, the top of the underlying 
Dresbsch sandstone has risen considerably above the river level and 
is immediately followed by characteristically fossiliferous shales and 
limestone of St. Lawrence age. (See fig, 3.) 

Just east of Spring Breen the dosed contact tietwwn the Dresbach 
and St Lawrence opens again to receive the wedge of magnesian 
sandstone whose age was the quest of the undertaking. Where first 
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es posed in the bin file east of Spring I ireen the M^otuanie sandstone, 
sks the new formation is railed* is about 10 feet thick Four miles 
east of the town It hu* thickeded to So feet, and at Fairy Bluff it 
reaches ItX) feel. Wherever it rises to considerable heights above the 
valley Idioms in Dane. Sauk, and Columbia counties it forms cliffs, 
which is mu at ail true of the typical Franconia^ 

Rut, siO fur as positive evidence reguidiug the age .relations of the. 
f ra nconia n n d the hi/,< ■ ma n i e is concerned, Ll scae In vest i g;ilions c f 
the bluffs ulong the WIsvoasm River left the question as tiiasolved as 
before* Nor did we come any nearer to its satisfactory solution in 
the course of the following seasons work when a scries of sections 
was made on the south side and around the eastern end of the 
Bamboo Range, Rut just before the dose of the Held studies in 
I PIS some veiy promising but under the circumstance? inconclusive 
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observations wet? marfe in sectioning the outliers and bluffs which 
dot the sandj' plain of central Wisconsin. Namely, at one of these 
bluffs 1 found a perfectly characteristic Muomaftk cliff and beneath 
il a 2-foot exposure of reddish sandstone that seemed to me to be of 
! rauconia age. 

Howerer, the evidence at this place was not satisfactory to Dr. 
TV. O. HoteUrin, State Geologist, and Mr. F. Th writes, who accom¬ 
panied me on this as on mo?t of the other trips through the State. 
Their doubts arose mainly from the fact that my interpretation re¬ 
quired the assumption of n fault hitherto unsuspected between this 
bluff and Pilot Knob, which lies less than a mile to the northwest. 

And bo it was left to the work of the past summer to dear away 
all doubt, if posible. And it was cleared away. Other outlier® in 
this vicinity were visited until finally we found two that were capped 
- ftzomom© and hit. Lawrence n&d beneath the Mazouiiioic showed 
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from 50 to 100 feet of profusdy fossilifercms Franconia. Incident- 
ally the presence of the fault just mentioned was untpeestionably es- 
iihlisbed* As am interesting and welcome confirmation of the earlier 
conviction that the Fnuftconia is older Xhtin the Miw&twnanio—wel- 
oinno despite the fact tlint it came to light after the case had been 
proved by actual superposition—I may add that two entirely new 
faunae one from near the top, the other just above the base of the 
formation, were discovered m the Manama nfc* The upper of the 
two occurs rather widely distributed but In a sandstone so friable 
that it can mu bo picked up without crumbling in one"* haniL De¬ 
spite 11ii±=- difficulty a considerable collection wins made and safely 
transported to Washington by snaking the sand with shellac. 

I have described the solution of this problem in greater detail than 
may seem necessary, first because of its intrinsic value and interest 
as a new Instance of oppositely overlapping forum lions, second be¬ 
cause of its bearing on tile question of differential surface move¬ 
ments and third an an illustration of the thoroughness of modem 
stratigraphic investigations 

Th» cose shows differential movement, firef In the fact that the 
Franconia is confined to the western half of the State, whereas the 
preceding Dreshath was laid down on tho eikst side and over tim 
south side as well as the west* Next, thu very different distribution 
of the Mazcmmuic shows reversal of the tilt from the west toward 
the oust- Further—through the fact that the two formations are sep¬ 
arated to till" south of the Barn twin Ifi^nge by a broad strip, in which 
neither is present, whereas to the north of the pro-Cumbrian range 
both formations were laid down &□ that the younger overlaps the 
older for a distance of at least 5r1 miles—it is proved that the move¬ 
ment was not simply an east-west reversal of tilt but that it was 


accompanied by additional Inca! subsidence on the north where a de¬ 
pression wjis formed that subsequently lodged a conriderabLe embay* 
ment of the M&xnmimh 

But this does not exhaust the known record of diaatropfah: move¬ 
ments of this time in Wisconsin* Uplifts of the relatively evenly 
distributed floor of Breshach sandstone are indicated in many places; 
and depressions occurred in other localities so that the Franconia 
lapped over in such places onto this pre-Cambrian reeks. This occurs 
at Taylors Falla, and possibly at Berlin, 11 towns located on opposite 
rides of the urea covered by llie formation* At Osceola, on the other 
hand, there is a narrow ridge on the surface of the Dresbach that 
completely cuts out the Franconia, though the formation h well de¬ 
veloped both to the north and south of Osceola, Finally, we recog- 
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nixo two longer up warps of the Dresb&ch fhior that extend in a south¬ 
westerly direction from the central pro-Cambrian land mass which 
formed the backbone of the Wisconsin peninsula. These buried 
ridges divided the Franconia sea into basins sufficiently distinct to 
show well-marked differences in their respective do positional sequen¬ 
ces and faunas. 

But why pile up the evidence, the sameness of which must weary 
you. Suffice it to say that the phenomena indicating differential ver¬ 
tical displacements of the strand line are everywhere about us and as 
abundant and well displayed in the areas of Paleozoic rocks as in 
those of more recent ages. One need but to compare a series of 
paleogeographie maps which, even despite their admittedly general¬ 
ized and synthetic nature, yet show—unmistakably and clearly— 
variations in outlines of successive continental seas that would have 
been impossible if the land surfaces periodically invaded by them 
had not been subject to frequent oscillation and warping. 

Physiographers apparently, have paid little attention to these 
paleogoogmphic maps and the discussions of stratigraphic corre¬ 
lations that usually accompany them. Perhaps the reason for this 
oversight lies in the far t that most of them have been made by pale¬ 
ontologists—a kind of geologist who should he seen but not beard on 
physiographic And diastrophic questions. But, after all, does not the 
eI rati graphical paleontologist deal with a wider range of geological 
data and criteria than any other specialist In the science £ Of them 
uIL I regard the stratigraphicnl paleontologist the best equipped to 
bring out the dominant facts in questions of the kind before m. lie 
bus the same opportunities and desires to observe and note the 
physical factors of the problem, and in addition an appreciation of 
organic criteria that may not only be applied directly in the field but 
the tangible evidence—in tho form of specimens usually small enough 
to be collected—may be carried to the laboratory and there 1 ms studied 
at leisure and as often as desired. I have found this of very great 
advantage* 

For such reasons I would be disposed to prejudice in favor of earth 
students like \ augliau or Sehuchert in capes of controversy with 
others who ran not personally take Into account and weigh the or¬ 
ganic he wd] as the physical aspects of a problem. However, in the 
present instance I have gathered so much competent evidence of my 
own that 1 feel warranted in reaching the conviction that the major 
factors in the control and migration of the strand Hue lie and have ^ 
always lain in dcformative movements within the lithosphere. These 
movements. whether large or small and whether due to shrinkage of 
the ccutrosphere* to local changes in crustal density, to unequal load¬ 
ing by rock or ice T or to erosion and further lightening of positive 
areas, are all primarily concerned with the maintenance of woGtusy* 
411303 '*— 22 ——22 










































































THE BRYOZOA, OR MOSS ANIMALS. 


u,v u. S, Uamu-jj, 

United Stulet iTolkmat Ifutrvm, 


[With 4 plates-1 


CONTENTS. 


Itatrotiacttofi—- ^ 

CfciiGr&J CJW t* rt nrm, _ _ 84** 

Fiet. 

Tjptfl of E ryCnofi—C^i] tlallAd, 

Bnpi’mTTlpr njffi tnlAemJitm _ ' 5C3 

nmiUl^U4li _ 

flrvinr Pinna, ■totem In J 

4. L G!]#$tlfl}i nad (in>fiftr«tlap fur Ptindj-.^ 544 
\frtbrtdft «f %cndj- --- 34li 

OrderCrdtHtenuifi_33fl 

Order Tri'ponronmtrt- _ -... 33Q 

tifitM of Ttrftnfn 3!ift 

QfilnT f.tjpi rmlfiftln lit _ . . _ _ ^ 

Htilid**# ElltopftKtA— _. - ,,, 

Iirv1**r ■PHrdli.-wif nma |o t| , irj_| 

SujxlAJa Etfocmxtn - £53 

Sstwroidtirl^rJiietaittpniJitL 334 

Dlatrib Lilian ■> t the __ 373 

SJlrttllKTupldi? - * - aid 


INTRODUCTION. 

To tho layman the paradoxical term “moss animals** has little 
significance, ami even to the scientific student this, or its Greek 
equivalent. “ Bryozoa," is often no more than n name. Yet these 
microscopic animals, growing often into tuosslike colonies, are ex¬ 
tremely abundant in the present-day seat: at all Utitmlai, and their 
fossil remains are equally common ntid widespread in almost all the 
sedimentary rocks since early geologic times, Notwithstanding this 
great development in both the post and the present, the study of the 
hryoxoa has always been limited to u comparatively few specialists 
who hare been unable to overcome the popular belief that this group 
of animals presents too difficult it problem for any but the expert 
willing to spend a lifetime of research upon them. This belief has 
been strengthened by the fact that practically all of the published 
works upon the hryozoa are of a highly technical nature and usually 
deal with some special subject. In none of them Is there a review in 
relatively simple language of the doss ns a whole. The present article 
has been prepared in an endeavor to remedy this condition, Dgsrap- 
tiona and illustrations of typical examples of the various types of 
hryozoa. both fossil and recent, the methods employed in studying 
them, and the interest and value of this study from various stand¬ 
points are presented in the hope that the class will in future receive 
the attention that it deserves. 

880 
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The bryoznn are perhaps best known to-day from the paperlike 
fronds called “sea mats n and the moss!ike structures tossed upon our 
sen coasts. These are not plants ns was long supposed but arc animal 
colonies consisting of a great number of small cells opening side by 
side. 

I before their true nature was learned these organisms were placed 
in a halfway group termed “zoophytes,” partly animal and partly 
plant. The coral-like appear arcs of the calcareous brvozon givvo 
origin to another term “corallines, 11 When it was discovered* how¬ 
ever. that each individual cell of the composite colony contained an 
animal with a complete alimentary canal totally unlike the corals or 
any othei group with which they had been compared* the name 
l ' Uryozoa” was definitely introduced for them us a new group of 
animals by C. G, Ehrenbcrg in Germany in 1831. Another term, 
“ I’ulyzoa, - ’ applied by J. B. Tltompsnn in Ireland in 1830, was not 
so precisely defined* and a long controversy arose concerning the 
two rival terms. This has been settled by a curious division of opin¬ 
ion, namely, the term « Folyutm » is preferred by most English natu¬ 
ralist*, but all of the continental and American authors employ the 
designation M Bryozoa.” 

GEPTEUAli CHARACTERS. 


1 ho bryozoa arc small* composite, usually marine animals arising 
from a free-swimming larva which becomes attached to some foreign 
object and then develops into the primary individual or mccstruta. 
O^r repeated budding from the a necistnilii* colonics of various shapes 
nud eometimes considerable size arise. Each individual animal or 
zooid is coiujiosed of a double-walled membranaceous or calcareous 
sac* the saoerfum, within which is the visceral mass, the pjtypitfe, 
consisting of a freely suspended alimentary canal U-Shaped so that * 
tiie mouth and imus open close to each other. The mouth is sur¬ 
rounded by the lophaphon, bearing a crown of hollow, slender, 
ciliated tentacles arranged in a tittle nr crescent by which micro- 
seopic organisms such as diatoms are gathered for food. Both sexes 
are usually combined in the same zooid. It is a curious fact that 
the same zooccium may be inhabited at different times by different 
polypi dess. 

The colony which the individual zooids form i s known technically 
as tlie it presents a great variety of form and structure, 

although the feral is quite constant in individual spedes. Very fie 
,,ncntly the zoaria grow over shells, stones, or other bodies, fo^nin- 
delicate men,stations of exquisite patterns. By the superposition 
of many such incrustations* hemispherical globular, nodular, or ir¬ 
regular masses, often of considerable size, may result. AmUn ihe 
zoana may ar.se ,n fronds or branching stems, and at other t m-s 
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they form open-mrshed lacewnrk of the most regular and beautiful 
patterns. Hust bryc&oa tire attached cither basally or by the greater 
part of their surface to extraneous objects or are moored to the bo^ 
tom by rootlike appendages. In many forms the zoarium is regu¬ 
larly jointed to give greater mobility* 

The individual 7001 d$ of the ssoarium conform to a simple and 
definite type of structure throughout the class, The soft parts of the 
animal consist of an alimentary canal with three distinct regions 
discernible—esophagus, stomachy and intestine. The alimentary 
canal is inclosed in a sac and bent upon itself so that the two ex¬ 
tremities am close to each other* The mouth, or otul opening, is 
either entirely or partially surrounded by a row of slender, hollow* 
ciliated tentacles which serve for respiration and for sweeping food 
toward the mouth. The two large divisions under which the bryozoa 
aixf cliL-sed (Entoprecta and Ectopnocta) arc based upon the position 
of the anal opening. In most ca.^ the anal opening is situated with¬ 
out the row of tentacles (Ectoprocta); rarely it is placed within 
tliis row (Entbproete). A heart and vascular system are wanting, 
but them are numerous leucocytes floating in the general cavity, A 
nervous ganglion is present between the month and anus and sends 
delicate nerve filaments to the tentacles and esophagus. The upper 
part of the sac is generally flexible and can be in vagi anted through 
the action, of numerous longitudinal and transverse muscles which 
traverse the fluid-filled viscera! cavity. 

The reproductive organs are developed in various parts of the 
body cavity, although the spermatozoa occur usually in the lower 
and the ova m the upper part* The ova may be developed in a 
special receptacle, in an inf In lion of the surface, or in a modified 
zoM-Hum. The general term ooecium or ovieell is applied to all 
of these struct urea. 

The siIkjvo general description of the anatomy of the bryoroan 
applies, with certain exceptions, to all divisions of the class, and 
more modification in structure is to be observed in the protective 
covering or homo of the animal, the zooecium, than in the animal 
itself, the potypide* The accompanying diagram of the anatomy 
of a single zooeejutn (text fig. 1), with its polypide retracted, will 
illustrate this general structure* The mouth leasts into the ciliated 
pharynx, and this into the eanphagua, followed by the stomach* 
which in turn passes into the intestine, ttud this through the rectum* 
communicates with the exterior by the anus- When retracted the 
tentacles lie in a cavity, the tentacle sheath, which opens to the 
exterior by the orifice. 

Many brvozoans exhibit* attached to the zooecimn, organs re¬ 
sembling ;/ bird's head* termed “aricularia* and other bristldika 
appendages named u vibiaculaT The jaws of the avicularia upeii 
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any] close with a snapping motion, which has given rise to the 
probably erroneous idea (hnt they are organs of defense. These 
7° ov £* m * re mentioned in more detail In the consideration of the 
dieiJoslomntous bryozoa. Both the avkuhria and vibracidu are 
incapable of preservation in the fo^il state, hot their former pres¬ 
ence is indicated by tile per dike excavations in which they lodged. 

The extended polvpide is withdrawn into the zooeejum by the 
contraction of retractor muscles attached to the tentacular crown. 
In the bryosson with flexible zooccin the contraction of the body 
walls by parietal muscles produces protrusion of the polypide, but 
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in the rigid calcareous JWeria the means for protrusion are more 
complicated us explained under the Cheilostoimta 
Tho rium, the protective covming of the polypide, varies so 
much m structure that its description is reserved for the discussion 
of each order. 

CLASSIFICATION. 


The first serums attempt at a deification was In(lcle w DO 
bigny,* whose wide acquaintance with recent and fossil brvLm h 
peril a [is been equaled by no subs'queut writer. But the system I 
devised was so largely artificial and imrdtmed with bo [writing 
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Bomenclature that it failed to gain acceptance. The labors of 
Nitsclm, Allman, and Busk have Used the principal groups. To 
Sitscha* * is due the division into the two groups Kctoproeia and 
Entoprocta, the latter containing only a few. singular genera such 
us Fcdia$hvt and Loxommin. Allman* formed the cmlers Pliylnc- 
tolaematn and Gymnolaemata, the latter including most of the 
bryozoa and all forms capable of preservation as fossils Busk’s 
suborders Chetioetanmtn, Cydostomatu, and Cttffiostomata 4 are now 
generally accepted as orders. To these Ulrich, in lsS2. s added the 
Trepostomnta, to include, besides uncontented bryozoa, a number of 
forms which had Ix^en generally regarded as corals: and Vine, i" 
19S3, S added the Crj'ptostomnta, "which like the TrepoEtomnia is 
known only from fossil forms. 

The brvozoa and the bruchiopodn arc considered as constituting 
the phylum HollliBcoiden, although some authors lieliove there is no 
relationship between them and regard the btyOzoa lls representing a 
distinct phylum. The two large subdivisions of the bryozoa, Eeto- 
procta and Entoproeta, based upon the position of the anus with 
reference to the tentacles, have been mentioned before. These sub¬ 
classes differ widely from each other iti many respect® and hero again 
some authors believe they arc not even distantly related. However, 
the great majority of these animals belong to the Ectoproeta and 
under this to the superorder GynuialaeDuita. Eire orders of Gym- 
nolarmnta arc known, of which the Cheilnstomata is [jurhaps the 
largest in number of species. The relations of these various class:- 
ficatory terms, are esprt-ssed in the following table: 

Phylum MOLttfSCOIDEA. 

Clot* BRYOZOA . 

Subclass ENTOPEOCTA. 

Raw of eircnlar, Inclosing both the month nml ftnul orifice. 

Subclass ECTOPEOCTA. 

The tenfnet#^ surround the smmih on]y. 

Mpcrvrfar PHYLA CTOLAEHA T in 

Freshwater Evtoproctu with £h* U?ni&dm amtnged La horseshoe shape mi it 
the mouth proieetfti by nn arariilBgfng lip. 

Bwperwtor GYMNOLAEMATA. 

Almost ^TclHsivt-ly marlw> E^tQprocisi with fl clrcolnr tow of leotaeles far* 
rourntloi: the mouth, which lm nt limit center* 

MS.tfOh Niltfche-, ItHtftrhrlfi fflt w|««i*PbaftlldDP ZoOlciiftP, VcJ. X^. 

P 155 ft, Allmii a. AlDBOmtfl Of thr Prf 1 * 0 *. Pl 10 . 

* 185^. British f’at^Lustu? of ^larlnf Ptoljjoiu 

s lh&i> L rtrkfe- Joeimfll OnsiimmH fedftT niHtem Vot V, pt 1 ^ 1 - 

* IfcfUV Tint- li^Tt Britie-h AitfoeLattan Adnbnow&t ScUmw* p. Iflft 
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Order 1. CTKXO3T0HATA. 

frx^x-la fitMuLliioufl or diltUatflfl with toothllln> prooe&*&ii ft aymh 

dosing the aperture wljra Um? Fi-ntodefl aro mructed. ItiiDjpp, Poloosolc to 
RcceaL 

Order 2. OYCL0STOAIATA. 

Zoocctn eidonrfou^ situ] tabular with a elrealar aperture. Bafijfc Palwraoic to 

Bffcnt 

Order 3. TREP0&703IATA. 

Zoooda ca lea rooms aad *mperj>oa«J upon meu otJjfcW ho rs to form Ion?; lubes 
InlerseoloU by fitful Bill or carved partitions, am] HkowlBc an axiiii* luiiaaiure 
zone mid n perlpftemi, inuEun? Jtoao, MatttoOM or of larger or smaller 

edLs iilarsrltmrL'd on the HLtrfuti? sit regular intervals. Ifcin^ Pab-^oEc only. 

Order L 0ETPTOS3TOMATA, 

GyumoliiciEmtn dttiftrlflg from the TreposiLumiiEiL In that the primitive part of 
the lube Is nsuaUy much shorter nod the pjohsa^p to the mnture region p? moro 
ubrapL Trlimrleial giuimaiian, Prnbnhly the Paleozoic representoiives of ihu 

CbniUrtoiijUtJK 

Order 5. CHEILOSTOMATA. 

Zoooela oatcarfruufl or cMUmms with tln> aperture rlosetl when the polypi do 
la retracted, by a cMtlnoiiK lip or opercnJimi Ranjo>, JOftozufc to Recent* 

CQUjEOnQK AND FEEPARlATIQN FOR STUDY. 

In view of their abundance in the sedimentary rocks and in the 
recent seas t collecting specimens of bryozou is a simple matter al¬ 
though certain features of it should be mentioned. With regard 
to the fossil forms, bryozoa are practically wanting in most sand¬ 
stone strata, but beginning with the Ordovician there in scarcely a 
limestone formation, especially if it has shale alternations, in which 
they are not abundant Generally the specimens are calcareous, and 
in this condition ore easily sectioned for study under the micro¬ 
scope by the method mentioned later. Sometimes, however, they 
are found silicified anil the internal structure is, to a certain extent, 
obliterated so that they cun then rarely be successfullv sectioned for 
study. Such specimen-, however, frequently preserve this surface 
character* with great fidelity. In certain strata their substance hag 
been dissolved away leaving a perfect mold In the matrix. A gutta¬ 
percha impression of this mold will often give a very satisfactory 
idea of the exterior of the original fossil. 

The best specimens are usually obtained from the shales between 
or just above or below Ihniwtone layers. The smaller forms may be 
obtained free by carefully washing the shales and picking them out 
from the debris. Some kinds of shales or day will wash away better 
if first allowed to become thureuglily dry. Others do better after 
thorough soaking in water. 

Often the surface characters are obscured by the clayey matrix. 
This may be removed by the tine of caustic potash (KOII in stick 
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form). The deliquescence of small pieces uf this substance, which 
oeeds to be handled gingerly with unprotected hands, laid upon the 
focrsiil loosens the day, which is then easily brushed off. Some work¬ 
ers accomplish the same result by placing their specimens in a satu¬ 
rated solution of Glauber’s stilts, which, in crystallmng, also loosens 
the day. To prevent continued action of the small amount of caustic 
potash still remaining the specimen must be carefully neutralized 
by washing in water conLtuning very dilute hydrochloric add. 

The Paleozoic species usually belong to the so-called stony bryozoit 
(pi* 1 s in which the zuadal fragments are large enough to be readily 
visible to the collector. In weathered outcrops these fo^ils occur as 
twiglike fragments or lace-like fronds, often so numerous that they 
can Ixjj gathered in large quantities, The solid limestone, such as, 
for example, the well-known Tennessee marble, is often Crowded 
with branching and rounded fragment of stony bryozoa, which can 
not Ik? broken out of the rock without destroying the form of the 
zoarium. Fortunately these can be identified by thin sections just 
us readily as the free specimens, 

Mesozoic and Ccnozoie bryotoa occur in unconsolidated sediments 
more frequently than in the Paleozoic, so that free specimens are 
very easily obtained. However, although these bryozouns often occur 
literally by the millions in a stratum, they are usually so inconspicu¬ 
ous as to be unnoticed by the average collector. When these fossils 
are present, a careful examination of n weathered outcrop will almost 
invariably reveal a few' minute twiglike stems or ]K>rous, flattened 
fragments projecting from the surface. Further search along the 
outcrop, especially along a scam in the rock, is very liable to result 
in the discovery of many such fragments (pi 2), 

As most of the post-Tukozoic bryozoa occur in soft limestone or 
marls, the collection of the material for study consists simply in scoop¬ 
ing up a large amount of the loose rock containing these fragmentary 
remains. If the specimens are found in a hard, indurated rock it m 
usually only a matter of SB&nch to find a spot where the matrix 
has decomposed, leaving the soil filled with free specimens. In any 
case It b not advisable to pick up the specimens one by one, not only 
on account of loss of time but also of breakage. On arriving at the 
laboratory the day or other rock holding the bryozoans should be 
allowed to soak in water for some hours The. material may then be 
agitated and the muddy water poured away. Continuing this proc¬ 
ess until the agitated water no longer becomes muddy, the residual 
mass is set aside to dry- The debris when dry is then ready for 
assorting, although passing it through several sieves of different 
Pttffih greatly facilitates the separation of the contained fossils. 

When bryoatoa are quite rare in am- exposure it is well to do most 
of the sieving in the field, if possible* For example, the interesting 
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lowest Eocene fauna secured at Upper Marlboro, Maryland, was 
collected only after several days’ active work of sieving the sand, 
uttd u small pill Ijox was sufficient to hold the entire results. 

In case these fossils can not f» found in soft rock it is often still 
possible to obtain good specimens for study. A comparatively hard 
fu&si]if crous rock, when crushed in a sack with a wooden mullet, 
will often afford fairly well-preserved fossils after the dibrig has 
been washed anti sieved os mentioned above. In such a case tlm bryo- 
/catis, although likely to be broken into sninUor fragments than 
usual, are generally well enough preserved for accurate determina¬ 
tion. If the rock is calcareous and too Lard to yield to such treat¬ 
ment, thin sections may he employed to determine the bryozoiu 

The separation into species of the fragmentary specimens resulting 
from the washing* ran be made with an ordinary hand lens, magni- 
fying 8 or 10 diameters. The identification of these species <*on also 
be made under such u lens providing the species have already been 
Well described and illustrated. In the identification and discovery 
of the characters of new species, however, a higher magnification is 
necessary. 

Bryowta in the recent seas are collected in quantity by dredgim* 
(pi. 2), although a thorough search of seaweeds und shells cast upm 
the beach or of piling and other structures exposed at low tide will 
reveal them m considerable numbers. A prolific source of biyozoa 
for the student is the common oyster and clum of Eastern markets. 
Many ol the specimens secured in the above wavs are dead, that is 
they contain no living polypide*. The study of such bryozo* follows 
the various methods indicated for the fossil forms. Specimens re¬ 
taining the polypide may be preserved In alcohol or formaldehyde 
for an indefinite time before the structure of the animal itself i. lost 
After decideifymg and embedding in paraffin, thin sections of suck 
specimens may t* eat with tic microtome as usual for tissues If til 
removal of the animal matter is desired in order to stndte iK f 1 - 
nnotacored. boiling in J.vUk ..tor „ jBKrih:d 

METHODS OP STTTDT. 

The relationship between the nolvrml* n . u ■ . . 

Ml. or home .hid, It "T* 1 ■* ,h ‘ 

of room iiryozoi, eml,r.ces two ilistini* nmcod^ l |- S ' t , ud j 

with the anatomy of the polvpide itself internet i . , ^Ming 

histological methods, and second, the determination „{ ^ *“”** 

Monging to the zooccin. The first is a subiect n M .. , stn,ct urea 
mains to be done anil the attention of biologist r r ' T nr “ m “<!b re* 
favorablc field for research. The second will be dii * 1Pec ^ ’*• ftS 
tail here because the deeaification of the bryoton^and^hj 1 - W °^ ^ 
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tion of the fossil forms particularly, is based upon the zooecial 
structure. 

On account of the cow pound calcareous colonic which manv of 
the bryozoa build, thin sections are a necessity in the study of soma 
of the orders, particularly the Trepostomata and Cryptoskunata or 
fossil stony bryozoa* * Again tlio anuria of many of the Cydostoamta 
are so similar to those of the Trepustomnta that thin sections are here 
again requited, while even in the Cheilostomnta they are frequently 
needed. Hi© preparation of thin sections is described in a jjubw. 
qn*mt paragraph. 

In tin. Chellostomata the form of the chitinous appentLige^ such 
as the operculum and the mandible of the avirularium is an essential 
ea lire, ..ik ^ieuee tin* preparation of threw structures for esamirutt I on 
under the microscope us well ns other preparations ns described on 
p. -id, aru necessary in detailed study. 

u various zooecial structures in the recent brvo/oa 
are sometimes objured by the ectocyst, the chitmous membrane 

raw™! ^r Mimi * n< ! by remains of the The® ara 

i ,y J * Tell ° waHsr,' whereupon the specimen as- 

VJ. t ,c “J** tof tl,c #0siSl1 f °rtm in which naturally all of the 
chili nous and fleshy parts of the organism have disappeared. 

A wmcmntm.chtMde process.-The anuria of many recent bryozoa 

that *• ^ ~»*i 

T 1 Un y " lth diflic,lky - tbev may l» 

face whb n gr * at pL T CcUo[l and dearn ®» hy whitening the'sur¬ 
face with ammonium chloride. A simple apparatus forthis'm r- 

fTtb^ ft lJ>tiat f d , m fi G ure 2 - B y blowing through the mouthpiece 
.iil^iwTih ^ * Ci ' 1 unman. (SH.OH) 

„ f .—.H u '? lh * ,ota > ?’ “ nd ,orm « -^hite Bublinuto 
ftnjjif , c londe upon any object held at this point. This 
^bhmate can be deposited upon tlie object in such a uniform. hi n 

ntoZTS-FS!? T™*™* 40 its *ickn«s, from a ligh^biue i" 
fcctlv ftn/pln'] } *J ie ^ eta '^ of structure are reproduced per- 

nnv mctlir 11 T Vl ' wed 1Int k r the microscope without exhibiting 
the wihti* inc f F meture of the ammonium chloride. By this process 
or tmnti ° u J pttirin S or structures scarcely visible on the corneous 
miwli , ,,,Care ° 118 brought out in dear relief. 

iti* t JrtntMimg process is a great aid in the preliminary study 
- is almost imlhpemnblo in the illustration of recent bryozoa bv 
p io ogrnphy. l’ossil bryozoa also lend themselves admirably to this 
pi oceas of study an d illustration. It may be remarked tliat the ani- 

' ,mmUr •«»«">* fre “ •** Jnun^t. tait it H atalijr prveml h f 
i f 1 of t(iihln{ indi 1 ijiwrf colil wtt« eld if adding to thj* Dos-^uifiiT 

Li"... “ ril,D *'T lilwliln* ponder KMlClIU* bimeblorltel. After filtecfcu, in. uluijon 

*u*in.lij be kept lo a. UcbUj dbini bottle. 
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uionium-chloride deposit can be removed by simply blowing the 
breath upon the object so coated. The hydrochloric acid and am¬ 
monia used should bo of grout strength to secure the best results. 
Sunil! quantities only should be employed so that the bottles can lie 
emptied and dried frequently, aa the reagents not only absorb mois¬ 
ture but lose their strength in a day ur two of ti-e. 

Thin action*. — The preparation of satisfactory sections is not 
di Oil'll it but some experience and tsarc are itMjuirerl to produce uni¬ 
formly good results. Without a machine for cutting rock sections 
the following method gives excellent results. The nmterulB required 
are, first, a piece of sandstone S or 10 indies wide, several inches l hick. 



Flfl. Apiwnnup tor pr^omisn ot juBj&oalum ehloriilr- 


und 18 or 20 inches long; second, a w ater hone an inch thick anti 4 or 
5 inches long; and third, a block of wood 2 inches wide, 4 or 5 inches 
long, and an inch thick. In place of the sandstone a carborundum 
slab about an inch thick. 8 inches wide and 18 inches lone to be ob¬ 
tained from the Carborundum Co,, at Niagara Falls, is eery durable 
and more efficient. The wooden block should have its upper e ,w, 
rounded to fit the hand, while on the lower side un excavation should 
be made of a sue to lit the on marv glass slip. A carborundum 
hone of considerable tincncss is also quite useful. 

The procedure for sectioning sp^imeus large enough to 1* handled 
without difficulty » as follows; X9 uh a pair of wire nippers a frag 
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mentis pinched from the specimen ami ia rabbet! upon the sandstone 
until the surface of which a section is desired is perfectly flat. This 
surface is then smoothed upon the hone, after which it is cemented 
upon u glass slip with Canada balsam. The heating of the glass 
slip to harden the Canada balsam is the most important part of the 
process, for if the balsam l>e allowed to boil too long cm the beating 
stage or over a lump it will be brittle when cold and the fragment 
will spring oil; if too short a time, the section when thin will granu¬ 
late. After heating and subsequent cooling, the balsam should bo 
tested for hardness, the correct degree being intermediate between 
brittleness and the point where the linger unit can make an impres¬ 
sion upon it. If too soft, the slip must be reheated: hut if too hnnl, 
it i» better to remove the fragment, dean it by smoothing it off on 
the hone, and then reheating again. When of the proper hardness, 
the glass slip is then placed in the excavation of the wooden block, 
which is clipped into water to secure adhesion. Then after rubbing 
away upon the sandstone or carborundum stab all of the superfluous 
material until the section is quite thin, the slide is removed from the 
block and the thinning of the section is completed upon the hone. 

In this process the glass slip becomes scratched and unsightly, so 
for u permanent mount the entire slip should either be ground down 
to give the ground-glass effect nr, better still, the thin section should 
be transferred to u clean slip and covered in the usual way for per¬ 
manent preservation. The transfer is accomplished by first cleaning 
off nil old gum around the section with alcohol, then adding a drop 
of fresh gum, heating, and when the thin section has become loosened 
sliding it onto n clean gloss slip with u sharp-pointed instrument. 

Specimens too small to be cut with the wire nippers are sectioned 
by placing them on a slide ia balsam which 1ms been only partially 
hardened by heating. They may then be rublwd down until the 
required surface of the sect inn is reached, The balsam is then melted 
and the specimens are turned over with n sharp-pointed Instrument. 
After cooling, the thin sections are made in the manner described 
above. 

Although this method of sectioning applies particularly to the 
1 repfistomnta, it is employed to advantage in species of the other 
orders where the xoarium is a solid mass composed of numerous tubes. 
In all ruses these sections must be prepared to show the peculiar 
structural features of the bryossoa, particularly the inner immature 
zone and the outer peripheral urea, where the zooccia are in the mature 
state and develop accessory features, end) as ncanthopores, mesoporca, 
diaphragms, etc. To observe these features two sections are always 
needed, a vertical section parallel with the axis of growth pf the 
lube and a tangential section parallel to the surface and close enough 
to it to show the structure of the mature zooccia. 
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Various other preparations necessary in the study of certain groups 
of bn'o/oa arc desmlied tinder the discussion of these groups. 

In tile study of Lhe bryozoa two bibliographies are useful, one by 
Miss Jelly on the recent species" nnd the second bv Mickies and 
Bossier,® which, in uddition to tlie citations of nil North American 
fossil species, includes a complete list of the literature up to the date 
of publication, classified in various ways for easy reference. 

TYIO OF BRYOZOA. 

The zooccint structural features and methods of study of the 
tuyozom differ so decidedly for the various divisions that it is pref¬ 
erable to consider each one separately. 

Subclass ENTOritOCTjL 


Of the two very unequal major divisions of the bryozon, the En- 
toprocta, characterized, ns indicated In the name (endon— within, 
, by the position of the ana! ojHining within the row 
cf tentacles, is especially; interesting in that the comparatively few 
species classified here probably represent the most primitive express- 
sion of the class. In this subclass the tentacles during retraction of 
the polypi do arc infolded into a vestibule which run bo closed bv a 
sphincter. Definite excretory organs are present as a re air, reproduc¬ 
tive organs which have ducts leading to the vestibule. The different 
zonids or individuals formed by budding, are further marked by 
their isolation from each other. In this respect the .subclass differs 
from almost all other hryustoii, ns the rule h for adjacent zooeem to lie 
in contact- In /.eznwin, d typical entopractous genus, colonics even 
are not formed as each Zoo id leads an independent cadence. 

As shown in figure 3. these hryotoe grew from a thread-like -tolcm 
emittiug cylindrical stalks each of which expands into the body of a 
zooid. The calyxlike zooife are lost fawn time to time mid then the 
end of the stalk generate* another polypido bud which matures into 
a new calyx. In no case is the body wall calcified so that the En- 
toprocta is nut represented in the fossil state, 

Lobbomm and PeSkdlina represented in figure 3. aod UrnatcBa 
are the best known genera. UrtuUdfa is n beautiful form found at 
present only in fresh water in the United States. Tn this .^nus the 
<ulyx surmounts a segmented stalk and the sulks nrl*' quite re ■ 
hriv In pairs fmm a common base. For n more detailed account of 
the Entoprocta the render is referred to Elder's work of ifiw « 


* ies* Jtiir. e. c SrMsrmK ratni*mw at n*rui M Artn „ . 

* Itw^k, Nlcftln ami KvbmsuLm of * ***- 

0«1, Kurr 


of JtmrrVtin. r™*ii w 


i,M». Sad*», Zvr KrPnSnlw tiff „ n * 

r*r OmlUrt s f ! 4 « wi«« K i,r trri , u oruin—. lll * } ' ,1,c " 1 ' W"*- 

i-JS, ■ CP i—200, uta. 
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Sutalim KrTOPlIOTTA. 

Almost all of the known bryozoa. IK>th fossil and recent, belong to 
the Ectoproctft (* p £/oj?= without, prpkto9=&sim)i chumetcriEed by 
the position of the rums without the row of tentacles .surrounding the 
mouth. Hero again two very unequal divisions have Imw n instituted, 
the PbylactoUematu with a horseshoe-shaped lophophore, repre¬ 
sented by a few species, and the OymnoWaiLLta, with it circular 
lopbophon? T comprising practically all the fossil forma and the great 
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hLa ' - s - tiu> Un^rcdi. I n, frrnifv 1‘uttn*. ALi&ttiJ* off En* 

trmJ. I. ruljphta rmnw i»cl * framum h^a nh.twEng- □ ajdn..^ pctfttiielp, 11 

Jwwal to Torifrom pUi^f** of ■ SS0. (After llinctU X Atl v\iUn 

th.il^iLj , fl*CUl3lttn|c three jcrmrJhS i-od* u) : u^Sdii t and ti art! qtslE*- [mmuturv’ 7 

ItjRiUcl^ KLrftcted} Ia atfll ymuatf; 2 b in InajUpdlDjil ^eE™; ff . 

oraii and It tfe* j m ( mmalll; r, reetuai' # d FlnmAci: between ^ mcK i r 

Hre tnr^ 1 cmEijru* Ju Ike broftd-pauL’Ii; ihc t* btjid-pa aim rmtu^Lnl £ Id 5 and ti tlj« 
*u « * TO tm^a. arn *™ n wltM* Um drcle of Ih. tentacle* $ 
t«.. lb' left tfatJttl la the rprUmi, and to tft* rftfa (hr |&c*£b; * J, m ^ „ e fc Itilu 
lea ahd ha* dmtajKd Ibis bqtoaLBg at a. new (wl/pWc^jad; fu 4 th« 

E«nmijr »lrx hMM bwii I mt arni the n*v nil** 1« 4 * 1 * 1 # nuffc«4 of tam i|w *k,lfc r 

.' AojtijamD i^rrtj^rrsJBi I lanne r H *n eE3-trrrrDctcm,-i ti i^uhh n frtip i]s*t I ticl 1 +-h. A 
rmqti? pcilypdiTp tna^QlSt^Hl, rfli&wldjf tb* elrde «£ irntiicEea frith tlrabryoi within 

meen and b»ffa in variooi *tejp}a “Of d* 1 rrlopTneni. (After Elnrrorr.J 

majority of living species. Util ike the Entoproctn, the reproductive 
^rgnns are developed in the body esmty and lusve no dtidfa leading 
into the vestibule, while specific excretory organs arc id^nh 

Superenter PFI YLAQTC)LA1UIATA* 

Hie bryozon of this superoHer have the tentacles arranged in a 
horseshoe shape sibutit the mrir.ith t which is protected by an over- 
hanging lip. They are fresh water in their habitat arid have special 
peculiarities which allow them to lira under conditions where the 
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change of temperature umI tho danger of .Irv ing up is ever present. 
Their special characteristic is the habit of dying down in the winter 
with the formation of the so-culled ststobliists, hard-shelled repro¬ 
ductive bodies consisting of internal bade protected by a chitmous 
capable of resisting unfavorable conditions for ft period nod 
then forming new amotds. Sexual reproduction also occurs ns iu 
other brvozofo The Fhylactolncnmta hove a body structure some- 
wduit similar to the Ctetiostomatu, the First order of the Oymuolac- 
mota, which also allow' n tendency to live in fresh water, and from 
which these exclusively fresh-water bryozoa arc believed to have 
hwyi derived. They are often quite common in a zone of water about 
ii feet below the surface* where their colonies arc found attached hi 
water plants or Stones. A few forms :ire found in running water 
but most of them occur In still water. 



i 


Flo, *.—Crura Of 111 ■ttftdfl Cnviif. » fr-«b-*rqtir f.ry-rj.^n frnta Kn^lun.l 
tyiilml member Pi Uw 1 PWIacWUwiniJ. «ts«*inr Rluc*iuii<*~i i„„], ‘ 

ivracph™ <i»: & «utlia tsi «r it<- n nmi . ,,-<*1*. 


X24, * 
nod ih* 
X28. 


The zoarium may consist of gelatinous masses of varying rin, of 
aggregations of parallel tubes or of single branching tubes, in all of 
which cnees the body cavities of the zooicU are rout inn mis with crich 
Other. The body cavity in the Phybctobemata is thus a continuous 
space, while in the Gymnoliumala each zooid has its own body ivnll 
As in the Entoprochi. the body wnll b tnradcified, nod fossil forms 
are not to be cxjiected. Protrusion of the polypide is effected by the 
contraction of the muscular hotly wall com preying the fluid of the 
body cavity. The tent nr h - sometime* interlace to form a sort of ram- 
in which infusoria used for food are imprisoned. 6* 


CrUtaUn* (text Jig- 4). a typical member of the emwrorder 
of n slug-shaped gelatinous auaq sometimes eight inches 
only onc-hnlf inch wide with a flattened sole on which it has »i 
mwB^. The polniding polypi,l K fom 
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along thu upper Ride while around the edge of the mass a zone of bud¬ 
ding tissue gives rise to new zooidK FraIerh k *.'Htf t another typical 
genug, is a member of the deep-water Fiiuna of the Swiga Lakes. 
Ptwmietta forms Aggregations of parallel tubes. Lophopm and 
PecthudeU^ like fmfd/elfe, show powers of locomotion* These 
genera have a wide geographical distribution, probably due to their 
reproduction by statoblast^ They have been recovered from Europe, 
North find ivmth America, Africa, Australia, and other widely sepa¬ 
rated areas. 

Although the specie* of Phylactohuunata are comparatively few, 
they give rise to such interesting phenomena that the literature on 
these fn^h-water btyozoa is quite extensive. The monographs of 
Allman 11 and of JuHien 13 should be consulted for n general review. 

Supcrwter aYTOOLAEMATA. 

As mentioned Iwfore, this superorden characterized by the einrhlar 
row of tentacles surrounding the month only, is almost esdusivdy 
marine and comprises most of the known recent bryozoa and practi- 
;tlI of the fossil forms. '1 he body cavitieaare nut continuous with 
one another nor is the body wall muscular as in the Phylaetnlacmata, 
In the majority of species, calcareous zooecial avails are deposited 
and form very interesting objects of study. 

ORDER L CTENOSTOMATA, 

* 

In this order the zowciu, which are frequently isolated, are de¬ 
veloped by budding from the iiitemodes of a distinct tubular stolon 
or stem, thus resembling to this extent the F.moprocta. A go in they 
unite laterally to form sheets, hut in both cases the zooccinl walk are 
usually quite soft and nnealeified. The stolon is often threadlike 
«nd gives off cylindrical stalks, each of which dilates at its end into 
the body of the nonid. The zooccial orifice is terminal and is closed 
during retraction by an operculum of setae, which on account of its 
resemblance to a comb, gives the name to the order (rh-nos, comb). 
All appendicular organs, such as avieularis, ovfcdJs, and vibrneulu, 
are wanting. In all the known forms the zooccio ore membraneous, 
and little capable of preservation. Tn some rases, fortunately, the 
stolon becomes partially calcified and may thus lie preserved fossil, 
although all traces of the zooecuim itself arc lost. Then, again, 
many of the Ctenostomata Slave the power of excavating a place for 
themselves in the substance of the host they inenud. so that the size 

*■ ISfitt. .itJnjin, C. J. A tnnUoimiph ttf Uxs voter rnlrwiii, tnflnrltng .11 Hie known 
«pi-rtm. hotli |tniInh .mil foirlcn. !.i:,r.rtnn. till +110 pp. II pin, 

“18S5, Jnlllrn. WoticurmpTiJe Jf-i nrjcmiUv" d’nii Jour*. tSttlletln de la Soc)*td 

^wtoKlinc Jo Fraorv. x. pp. fft-SOT, He Op. 

4USTO"—212-23 
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and shape of such excavations serve very well for the identification 
of many fossil species. 

Ail of die known Paleozoic Ctenostomala have l>een described by 
ririeli and Bossier 1 * in their Revision of the Pflleoaoir BryoZoa, to 
which the student is referred for n discussion of these peculiar fos¬ 
sils which hod formerly (wen regarded as trilobitc eprps, sponge 
Itorinjfs, or forarntnifera, Mesozoic and Cenoxoic ctenostotiniLmia 
hryoaoa are apparently rare, and little study has been put upon them. 
In the recent seas, the order Is specifically the least represented of 
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is evident. Figure 6 gives n r£sum£ of the important types of iwth 
fossil and recent Ctenostonmta. The pinnately arranged stolons of 
HA&pakmaria usually represented by excavations in shells or corals 
are perhaps the commonest of Paleozoic forms, although the diaia- 
likci AfUjwma and the radially arranged bulbs of Ascodfctyon are 
occoidoiuilly found. The threadlike species arc interesting in that the 
oiliest known hryoEoaii Ileteroncm^i prheum from the Lowest Ordo¬ 
vician rocks of Esthonia is apparently of this type. In the Mesoificic 
and Cenozoic eras few Clctinstomata have been founds and all of these 
show great similarity to the Paleozoic Rhopnloiwrhr, However, as 
only their excavations are usually known, it is probable that ilia 
structure of the fraoeriii wag quite different 


tfts. fl—rwH iiEj.il mmt 
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Among the living CtenostomaU Alojoiddiwu imd related genera 
grow into soft iacnmtatione or into masses 0 inches nr more high in 
which the aoowia are closely united. In liowerbankia the meet 
branching zoartum hears tufts of zooceia at regular intervals, while 
m Amatkh an interesting spiral arrangement of the branches occurs. 
The Ctmtonuta are typically marine, hat a few genera have a 
tendency to live in estuaries. For this reason and other character- 
isties they aw- Sieved to luive given origin to the exclusively fresh* 
water l hyliictoLu'mitia 


OliDEH 2 . I'VfTjOSTOMATA. 

The asoecia In this order are simple calcareous tuhw, nsualiv with 
out transverse partitions, wit in! plain, rtunded, uncontractodorificc 
not closed hy an npem.lum Tlic walls are thin and minutely potnua 
and dll not show the complicated structures visible in the Cheilo- 
stomatn or Trepostocinta. The ovicel!, when prcyeul, is an enlarged 
ww-dum or an inlintion of the rourjal surface* The soarinm nS s U tii^ 
very many different forms of growth (pi. 8), although the method of 
growth Is quite eonstant for a species. 

Hitherto the families and genera of Cyclostomata have been 
founded almost entirely upon the form of the zonrjum and the , r 
rangetnent of the zooec.a* As a reoh, wry complicated art!Hci,j 
dwaaficatioia bnvc h«n proposed, which thc read/ maTn^ n 
the review given hy Gregory in itmi- Cr n '^ MasuU >“ 

« IDOO. Owsnrr. r-ataliww of F"«« Hrr«d»t j H rJrrinrlta».t "Z n , - ' -- 
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The distinction between the families of Cydostomata, like other 
orders of bryozou, is or should be bused on their larval forms, each 
family being characterized by a special larva. The larvae of the 
Cyclostomata arc very similar to each other and difficult to dis¬ 
criminate. hut fortunately they show their differences by the evolu¬ 
tion of the embryos in ovicells of very different size* form, and posi¬ 
tion. The first tube of u zoanmn is the aneestruln, and its lower part 
(pi. 4, fig. 1) is ii dilated blisterLike form culled the protoedum. It 
is in the protoceium that the histolysis of the fixed larva and its 
replacement by the first normal polypide living in the anccstrula 
occurs. 

Without doubt the same principles of classification applied to 
the apparently more complicated (’lmiloaLoniuta, as described on a 
later page, should lie employed in the study of the Cyclostomata: 
indeed, u natural classification can be built up only by a study of 
the physiologic functions of the organs. In the Cheilostomata it 
will lie noted that the form of the aperture am} of the operculum, the 
presence of cnrdelles, and the modifications of the ovicell are the 
essential characters of generic and family classification. In the 
('ydostoniutn the aperture in always more or less ciren tut, the oper¬ 
culum and curdelies are wanting, leaving tins ovicell as tlie single 
remaining essential character allowing on the zooeciu, 

The value of the ovicell In the classification of the Cyclostomata 
is therefore of utmost import since, hut un fortunately its study lias 
been much neglected. Some species of Cyclostomata possibly did 
not develop n vice I Is, Bui the majority of them will after some search 
undoubtedly reveal specimens showing this organ. Indeed, one of 
the most interesting features in the study of the Cyclostomata is 
the search for uvicelled specimens among the many described species 
where now no oviee.H is known. A liegintlitig toward a natural 
classification of the Cyclostomnta was made by Conti several years 
ago, urnl Canu and Bossier in 1920” hove amplified this subject 
Tbe student is referred to their work for more details and references 
to other researches upon the Cyclostomata. Some of the more com¬ 
mon types of ovicell are figured on plate 4. 

In spite of their general simplicity the Cyclostomata exhibit other 
features which can bo used in connection with the ovicell in classifi¬ 
cation, I'or example, in many Cyclostomata there are accessory 
tubes developed either on tbe* frontal or the dorsal side of the 
zonritnn. These are zooeciu. closed or open, which appear to be 
without a polypide. Thin sections of the Koarium are frequently 
necessary to determine tlie nature of such accessory tubes. The 

** Clim und Bktfller. JCwth AinfirlcM XjlMt IVrttory IlTjiunn. Hlillt-lEii lOfl, 

H, XhIUidjiJ Mufti ijul 



353 ANNUAL REPORT SJnrilSOjSTART INSTITUTION, im 


dorsal side of numy branching forms is sometimes occupied by 
short tubes called ncmat&port^ which appear at the surface as 
thread-like and In thin sections m narrow tubes upwardly directed. 
Somewhat similar tubes on the doi^ol side grow in the opposite 
direction—that is* toward the zoariul base. These are the firmat&- 
fo™. Certain Cydostomsta exhibit pores on the dorsal side as 
large as the poly piths tubes, but with polygonal orifice. These 
arc termed ^tergopofatp Somewhat similar pores on the frontal 
aide + hut covered hy calcareous closures, are known as dactiftethrasj 
while rfinctfTli) another curious development on the frontal side, are 
cylindrical tubes closed by a finely perforated lamella and gar¬ 
nished in the interior with numerous spi miles. Still other forma 
of tubes in this order are the ramifications of the polypidiim tubes, 
termed u va twfer’ 1 and **mewp&r€8™ The physiologic function of 
these various accessory tubes is still unknown^ but they jifo constant 
in their development and are therefore of value in classifirntion, 
Plate 4 exhibits the aspect of these various tubes both at the surface 
and in thin sections* 

The method of division or gemmation of the zooecial tubes in the 
Ojclustouiiita is also quite important, In one method (peripheral) 
the tutus bifurcate at nil heights and In all directions. In another 
method (oriented) gemmation occurs in a definite manner on ei 
single or on two sides of a basal lamella or of an axial zone, Thin 
&ertions here again arc indispensable in the study of this order. 

Although many irordteo upon the Cydostomata have been pub¬ 
lished, comparntii el y little attention has been devoted Lu the auaiuniT 
of the polyjiidc, the study of its method of protrusion t and to the 
larva! forms in addition to the ovieelt So far as known the rmedls 
contain numerous embryos, which have arisen by fission of u primary 
embryo developed from an egg. 

The Cyelostomata commence Jo the Middle Ordovician and con¬ 
tinue until the end of the Paleozoic era fairly well developed in 
number but oHess importance than the two strictly Paleozoic orders, 
Trepostomata and Cr> |itostomata. In the Early and Middle Meso¬ 
zoic they constitute the predominating enter* but in the Creta¬ 
ceous the CheilofftomnU assume first place and continue so until 
the present. The Paleozoic* forms have boon described bv Ulrich 
and other workers man turned under the Treponemata. The Meso- 
*»» specie h»v« been the mtifret of tamtams publicafciolis tunon* 
which may 1« mentioned Un« by Gregory “ and fey D’Orhianv » 
The Cctiozoic CjclntfonutA likewise hare received mwh attention 
as will be noted by consu l ting the monograph bv Canu and iw' 
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ler of ISSjO* Hinds' British Marine Polyzoa (IS80)« Busk s CaUi- 
logUG of Cydostomatoiis Polyzoa in the British Museum (1875)* 
ami his Challenger Expedition Report (1886) as well as numerous 
papers by Waters, Sruiit* Tlarmer* C am^ and other authors treat 
of die recent Cycloetomata. 

The study of many Cydostumata particularly those forming solid 
calcareous zouria requires thin sections- The preparation of such 
sections is discussed in this article under methods of study. 

In addition to the ovicells and other features just mentioned* the 
size nf the orifices and the distances between them are important in 
specific identifications Probably the simplest and moat trustworthy 
method of identifying closely allied species k by the preparation 
of uniformly magnified photographs of the zoarioj surf nee. The 
magnification of 12 and 25 diameters for the Cydoatcueata has been 
found most useful and is recommended for comparative purposes. 

OjtDKtt 3, TUKlHtCTOMATA. 

This order is limited to the Paleozoic era when it flourished in a 
wealth of species forming stony colonies which contributed largely to 
the formation of many limestone strata, These colonies were always 
calcareous and consist of mosses, sometimes of considerable size, com- 
posed of long coherent, prismatic, or cylindrical tubes with terminal 
orifice. Each tube is composed of an inner or axial region with thin 
walls and an outer* peripheral zone with thicker walk and compli¬ 
cated structure. This change in the character of the tubes which 
gives; the name to the order ( tr*:pox m change) is accompanied by the 
development of other features, namely* mesopores, antflthoporeg, 
more numerous diaphragms and similar structures of the more ma¬ 
ture zooitl 

Tlie Trepostoroata include the greater portion of the so-called 
Montici iliporoicifl which for a long time were regarded as corals, 
although their bryozoan nutura was long insisted upon by Ulrich 
who publisher 1 many proofs of their affinities to undoubted bryozou* 
This relationship has been strengthened by the discovery by Cumings 
that the budding plan of certain Ordovician genera is precisely the 
same as in typical recent brynza®* namely* that it consists of (1) a 
protoccium or minute circular disk, (3) the unrest ru la * a tubular 
zootK-iiim of the type seen in the Cyelostonmta* and (fi) several pri¬ 
mary buds arising from and adjacent to the ancestrula, These primi¬ 
tive structures are separated from the rest of the colony hy a. con¬ 
siderable thickening of their posterior walls- In ihe corals* dcvdop- 
mcul from the larva is direct the moment it becomes sedentary and 
therefore the presence of the protoe<'iiim alone Is practically eon- 
tiiisive as to the sr^tcmatic p^itiun id the IrtjKHtoiiitib with the 
bryo4oa h 
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Some of the Trepostomata are Encrusting and consist uf o m or 
more mjp&rimpoaed layers, hot most of them either rise into fronds 
and bifoliate expansions or form hemisphisHcal to rounded masses 
of a ranging as high as & feet in diameter. Such massive types 
of &oaria arise from the fact that the zooeeia in the Trepostomatn are 
directly stipe rim poeed upon otic another to form the Jong tubes 
which by continued budding result in the branching or massive 
stony zo&iia. These tubes are intersected by straight partitions 
(diaphragms) or curved ones (eystiphrugms}, which represent the 
covers and floors of successive layers. The diaphragms may he in- 
complete or provided with a central perforation* -As a rule, they 
arc few or wanting in the immature ^one uf the sooedit, but are more 
numerous in the outer or mature zone, where also the siodoci* are 
often separated by more or less closely tabulated porelikespsc^sscalled 
mesopoim Zooocial covers with a small subcentrnl orifice may 


occur* 


One characteristic of the Trcpostonx&ta, which, however t the order 
share® with the Cryptoatomati, is the presence at regular intervals 
over the surface of elevated groups containing cells differing from 
the average in size {monticules) orspotdlkc ureas (maculae) of such 
cells on a level with the ioarial surface or depressed below it. The 
size. shape ? elevation, and distance apart of the maculae or monticules 
are usually specific clmraciors. The monticules may vary from small 
sharp tubercles through rounded nodus to el crated rings completely 
encircling the zaarium while the maculae, although often incon¬ 
spicuous spots on tho surface, are sometimes quite distinct solid de¬ 
pressed areas or, as in One family, beautiful star^luipud regions. 

The spino-Ukc projections on the KOOtoal walls called acanthopores 
are found in thin sections to consist of minute tubes included m the 
wall substance, but with a definite structure of their own. These 
flcanthopores traverse the mature region and undoubtedly represent 
structures with some definite function possibly like the avkulada or 
vibrucuLar ports of the Clieiliistomstu, 

For many years the identification of the Trepostomnta wsis based 
upon external features such as the form of the zflariuni, the diapu of 
the ziXK'tia. and such surface diftraotera as the tubercles or maculae. 
Thk led to so much confusion that the order deservedly was not con¬ 
sidered of much use in the identification of stratigraphic horizons 
The internal structure of these stony forms gives the true specific 
diameter*. ami So the preparation of thin section f 0r cxam i nut i gn 
under the microscope Ms become indispensable in their stmlv How¬ 
ever, when once a species has ktn thoroughly worked out it can 
generally be distinguished externally from associated forms of 
similar appearance by quite constant differences which often seem 
trilling and S tl ,ire doubtless of inorjdiological importance. Even 
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the internal structure cun be determined without the preparation of 
actual ifiin sections, for by smoothing the surface of the bryozoan 
and etching it slightly with acid meet of the characters seen in 
tangential sections become visible. A similar procedure for the 
vertical section exhibits the internal characters very well. The aspect 
of the surface and the structure seen in thin sections of n few species 
of Trepusloaiuta are Illustrated in test figure T. An outline of the 
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Harbor, tftrtigi <Whtmw UtHpioBGi) ttf IIILnOtas 14* inniftallAl -Mutton. X IS, 
timin' rota imjiipdrtn »fi4 lb*? foo^bt U4tftt£t) by Lar£n aranlliufwft* i IS, n-rllca! hk:* 
tlan, >' 1H. (bMra^li the sMTliiiSi, ■ItawiiiE u very dtftft ImiaitBre ri^tnli nrid H 
tn<mi &T ti ij j_i r raiiH ULL ri-.iiior^z, urnd itrunE ae* □ LhoporM In Ebc mlHUr* ao&?~ 

10. fiurfftw. XIV, of ft iAnw kp^rLH^ ijfcjfeiraripja cmmteAi liMcJO ftuni tbo >ILd.Ji.- 
OrdoTkl-m mbnU* of aHmieftoin* UJiiPilSatlOis Ebtr ocedrnnjee at nmUr SsUtthIb of Ihf* 
dthltafY Of tilr^JlKArm leiSinusl Mnulvu* 

1T-1SL Thin Ns-SlOft. of SJ^Ealwrd, a typkal t'pEH-T t'ltfjHiBik" jfaBUH of lb* ’trciu*lvmute : 
17. Tortlml Krlio4t f Xli, Ibrokflb tbr nmiuf^ rug'luiu gf Jf. a»ffifa»ui ^bkht fr0«i ^ 
SijjtlMi|rpljiJ 4 fKeolsiik, llmtsfon^J of IlllnoLf. The benillflc uf lli^ wall?! qt-d rhe oo 

corrwt »r ^rfiiraU'J ifiaiikru^iui ure c^uictuiitlc foutirfI; is. tflPgfiiUtl *^ctlan T 

K lx ■bowlns wjj!] almetur^. 

Uflp2i>. T Ww itoorcl* wf JtolaJfa+nd «i(tcnH4:IiI Ulrkh^ from Ulddlv OnlovlL-lon *linlo^ of 
Mlamiota, X30, o# Hkd In tiiti^ndiL ikUoisi fit*) ; and a rnrkly &f Hip «ainij B[>eok!f t 
X3&i In wtJub, Hin ic^atb&potra arm ftrunjly devdi^ nbd thin «tnulv¥ 1* 
tittro*t (S0>* 

SL >' 1^, of an henuiJ!i£ tirrotoaH (i^d^cn 1 ^ lypimll* prardp^ t’WchJ 

ffDui sJ v* M ktlilL- Or0a\i^lan abjil^s of with a tforlform lUk 1 to tko Indt ti- 

iiiiLgm of IE m cavil lea by nuoum™ flpnjEUiopfifoig 


<U>iniliMi clasalfietltion of LliC Ti^postomuLa muy l«s found in ilia 
Eaetiuun edition of Zittol's Test book of Paleontology, while tuosfc 
of the penem and tua.ny species of the order are de 3 rriU'<l and illus¬ 
trated by Nicholson, 50 TJlrich, 51 Ulrick and Bassiler,** Comings,- 1 
it tot Bossier. 5 * 

rii’ieh and Bailer, io their Kuvision of the Paleozoic Bryozoa, 
1SM>1, propositi two divisioJw of the Trci'iostomnta based upon the 
minute structure of llie walla separating ad joining zooids. Uf the 
seven famiUes now recngniicd under the Trepostomata, four have 
the calcareous investment of adjoining zooeciu amnlgiiunited to¬ 
gether »» that one wall tain not be distinguished from its neighbor, 
(n the reiunining three families, the walk retain their duplex char¬ 
acter. and when the zootcia are adjacent their boundaries are 
marked by n dark, divisional line. This line in till probability rep- 


* ttiSl. NLrfic.liOii. H. A. Tlw Iti-nm M«nUcaCiHt^. 

« UUIC-lU>4. UUIcli. a. a Afmrlrt* ralmmc llt 7 «nu. J»n«uil Cindmuin Bortcir ftf 
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lUlaotai ™»- *» l8i,x flricX B. O. taww SlIuKui liry*toa, OiHijugickl s*ni>v g f 
Fiul Report. tv>L 3. IK. L 
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N J&oa, Cumins*. R H, tu. ainminii|.iip .ad painja.c*^ „ f ' l8h> 

or ^SSm Am# * 1 ■»* 

■ »!*♦ Dwaler* m i. E»nj ('■kx^k Itrjr^ llf tlrt |, uU — lf „ 

NoUolBl Hamsun. 77 . U. a. 




the imvozoA—tosaf.fiB, 


363 

resents the fossilizc-d remains of animal matter which filled this 
space during the life of the organism. Occasionally this narrow 
intervening area is occupied by a light-colored tissue, and in this 
the outer boundaries of the wall of each zoomurn can be seen. 
In certain genera of both divisions the amalgamation or the dis¬ 
tinct character of the walls is difficult to determine, especially when 
mosopores are numerous, but if the zooecia are iu actual contact 
there is little trouble in deciding the position of the particular 
form under study. Doubt has been cast upon the value of this 
differentiation in recent years, but even If the two divisions should 
not ultimately prove natural they are at least- quite useful, 

OflUHR 4. CKYPT^StOJLVTA. 

In this order the zooocia are usually short and have their orifice 
concealed (cryptog, hidden) at the bottom of a tubular shaft or 
vestibule which is surrounded, by a solid or vesicular calcareous 
deposit. The primitive zoocrimn is short and quite regular in its 
outline, being pyriform to oblong, quadrate or hexagonal with the 
aperture anterior. This same characteristic is shared by the Chcllo- 
stomata also and it is probable that the Cryptostomata are nothing 
more than Paleozoic Cheilostomata. The Cryptostomnta differ, 
however, from the typical members of the Cheiloetnmutu, first i n 
having neither ovieclls nor avkuliirin, second in the much greater 
deposit of calcareous material upon the front of the zooecia. third 
in the frequent development of successive layers of polypides, one 
directly over the other, thus forming a continuous lulso, and fourth, 
in that whenever a zoarium attain* an uninterrupted width of 
more than 8 millimeters it exhibit* clusters of cells, differing more 
or lees either in size or elevation from the average znoceht. The 
last two distinctions are suggestive of the Trcimstomata. but the 
Cryptostomata differ chiefly in that the immature region (primi¬ 
tive cell) is usually much shorter ami the passage to the mature 
region more abrupt, and that hemisepta occur at the bottom of the 
vestibule. 

^*ome of the Cryptostotnnta are ramose and have long thin-walled 
prismatic tubes in the axial region, with or without diaphragms, 
precisely ns in ths ramose Tiepostomuta anil Cyclostomata. They 
lire distinguished from loth these orders, however, by the presence 
of the heniiseptum, the incomplete plate which extends downward 
and forward from the posterior si do of the bane of the vestibule into 
the primitive cell. Sometimes a second heniisrptum is found spring¬ 
ing from the bottom of the cell, in which case the hitter is known 
as the inferior hemiseptum and the former as the superior one. The 
purpose of the hemiflepta is unknown, although it is possible that 
they served os supports for a movable operculum. 
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Thfl relationship of the Cryptostomatri to die Cheilostanjlbi is 
farther suggested in the souriill forms they assume and in the beauty 
of Llie surf nee of the zooccie. In the typical CryptosUinmiu the 
^juriutn cousins of two thin layers of zooecia growing back to hack 
into erect ^ard-ahipetl, ramose, ribbonUke or fan-shaped expansion* 
In other Cryplostomatn the Maria form lacdiikc expansions consist¬ 
ing of only u single layer of cells with the reverse side covered by si 
dense layer of striated or minutely granules tissue. In the remain¬ 
ing section* of the order the zoom are ramose with the Mocciti aris¬ 
ing from ii- real or imaginary axis and opening on all sides of the 
cylindrical btetug. Usually die Mark are continuous, hut in seme 
of tbs bifoliate and ramose forms they are divided into segmeats, 
articulating with mch other. 

Most of the C’ryptoertotnuta can lie identified from the zooeaial 
surface characters* hut in some of diem, particularly the bifoliate 
nod solid ram cm specie^ thin sections are m essential as in the 
TropcHtomata. On account of their geometrical regularity of zooeeial 
form, thin sections of the Cryptostomata are often most beautiful ob¬ 
jects under the microscope. 

The order commences in Early Ordovician times, reaches its 
gretiLesl development in. the Devonian and MissLs&ippian, nnd be¬ 
comes extinct ni the close of the Permian. Typical examples uf the 
order are illustrated in text figure S. Many of the Ordovician 
geiteru ami species were described and illustrated by Ulrich in 
1893** and Bo-sster in l9lL, aB the Silurian bv BllssKt in 1906* sT the 
Devonian by Hall and Skinpsi;?!i in 1SHT,=' and the Carboniferous by 
Ulrich in lft&O” 

OltriEU a, t^HEILn STOMATA. 


The Chfiilostjr.inQtil, cbnraetcrbied by the closure of the aperture 
by a ehitinous bp or operculum when the polypide is retracted, in- 
eluded most Ijcauti TuI objects from an esthetic standpoint because 
usually in this order the frontal wall of the zooetuum is composed 
of calcitc assumin'? often the most delicate and sometimes bizarre 
patterns. Until recently die differences in these patterns were relied 
upon fur the disc rim i nation of gvnem and species, with the result 
that a most unnatural classification prevailed. The calcification 
of the front id wall is only one of the functions of the bryozqan ansi 
a natural classification should be based upon all the important f eu . 


- 1MJ3, mrlrt. E. o. X/MWf suarun Rrr™.. of AlU,™*,,*. CMhe? of inan^t,, „t 

‘ £ n*j i. tbnl<K, a. & Tbs- k»mj twijoitot? firjciti. „r it,, 
ri. 1L S. Nittoaiil Uniearn. 0 ™“* Hnll^Uti 

r. uhhv Ite«icr. a. s. Tfc fierce hw «r it, «*„_ RoTlrl[B 

tiwsl, Huirty, ^ L - 

« |Vi 7 H*H "**V SIsbpwb. C..rtil* ...1 Tlrrwrta. w__ _ . , „ 

■ tsm>. ClriJiS. E. O. PiSiufcjkf Orjroiw. Owik^caj Bturv, TtlUnli. ** ** 
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tures. Th& Chellostomatn exhibit the highest type of development 
in lbe bryozoa and for that reason the description of the various 
functions of the animal inis been reserved for this place. The living 
hryozaan shows that these functions in the order of their impor¬ 
tance nro first those dealing with reproduction, namely, with the 


Fiir. a.—Cr^iilwitwB^tJi* 

J--. E'ctouvMm tmbrteto Clrich, AJJAdk Ordevlelah {ffliiefc BEt^J --hale* of MJjanr- 
**ta. r A Ijptral member of Itii? 1. Tb narrow blft>(intr *W*ritWS p 

two-lhlnja ftBtnrul m\Mt a with d pointnl BtrlftUfcl tea * 1 ■Efbtcft Uta Into * wrrn iwatting 
*wkvi attarbed to *Uw-r nbjretL 2. Surface the bull part o( n upccluMn, XEL 

S-4. J.rfAree|ciHij ITtfEch, Ontorldiin iTfralcmJ Utbrit^EM', Ottawa, CiflJUb*. 

3, Zaariiitu [Kitw^l of uLijjj-rouri joint* nrilf vising With **eb mtijr-r* twei-iblrdi 
natufnl ■!»?, 4, A iltucle Jo Lo t or ^ffmj*at + * rrlatwJ »[K-flr* rai-awJ'Mm 

UTriclU with a wicket for ■ rtlcalftUod an top fiil4 tb* ivdnicd basal arttcuiiitjtif 
pr&Me mi the bat tern* 

D f i thread] Ifci? btyomnn fit tfcli onltr er-*li# Flrlfh) xratBTftt slut and 

XIX fmm Lhe UhMk- OrdavirlLQ the It* of 3J j bnm(4t. 
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0-? //iJitnottt ipfdtfOrtii* Ult1<&- OMfcrttcfan (t-fhiiiuin) Unuwtimr °f Cmtral Tu- 
ni-jme 0. Out- of (hr Joints nalnnil *t*f, and the lower portico of tbe 

mm.'’ yia. T- L^rifrUuiltnil (Wfl wetlon of the mm* aperle* sbnwlnc (he abort 

liamatdte region *8il tie IhHAeiwd mart woe. . 

BM CmrtortoDuitn will) rt»e shaped bob fin, tWO-tblnJ* Datura] al«, often ral«ttt*n 
lor fiiHil star fistaw, 8 - A n»p-rofrd form (JfmeHjininntt «#ln«ae^(aJo Ulrlehi 
frnui the Jyower Carlwnlfenm* (Unr Huston) limfitooe r,f Iowa. 0, Id. Two Hew* 
of n ala ntynx form (IT. rrrrtdfala H»*H »x>i] Wt.rth.jii) from Ibe same toealUy, 

JireMmtitt*, a HtornSterWte Lower CBTbonlfeto&a hryojoo, l-wn-tHnlo nntnrnl 
-I ’ wUcb lie laeetlhe wll lmarlnff roarinni nbnUar to FMWflrtt* li wnuml 
amMDit a solid «plnil “1*- SiuriBWH * l 7. W »<th lh= n-tlullfcnraH portion 
lirohru air+ijr UlUETt LitlJ foUEHl hut 0«SJriflaaJfr friMfr $t fTflEMf tH pl*- 


LLU-^CnTtoonIfr«.i 5 « brjwnti in which ffh^ 

i.i 'ltifc ius'S^rt Iv |JC* fiha|^ ti* JnrHJfci> [hnrflnji •tt't'trjhnl brEw*BD IWn «up- 


mj_.h 3 a MlUal mcinlh-r o t ihp (TrypLiHtviiuitfi (Art^Dn vimplf* LTCirtcb' from 
tbfr fclkfrlk QnktT3d*H < ttllrifi BJtfpr) thmlim rrt ULurati., &h*wltLjr ■*£- 

. t '„ twii'tWnia natitrii] ilw. prtiwrvrfl In tlwir iwtEiml iKmlfion fill 1. th-» ftron- 
* Ertllon of tb" urttirfa-t narfacc. <23 > iiw* ■ verticil Kctfon y l£ lEinntnlLiiE 
rh-r tylikMl WtoTMJ artmetqr* of thv C 17 PI™Enrtutta *Z3h nameli, Ihc iturtt tS\ 1 - 
fan ffl/i ttfii ami with lit* fruntirpt* and Ibi- tlilrhcfl*] nmtijrt rone with tt» iWrtfll 

apfiftilt* fu> ^*5* < lf U* ft!, 

A MfrjlEmB r tftbamllke eryptrwiIrniiulT'rai f/EJWJt-irfEcf^o wuteWfri ttUkti) 

frmiB the ratMip nftl-JTkliiH h!*al«i of .Mlnm-eoti* "4- A tpttimtn, iwa-lhlnJ* 
untnr^l Th - 1 MnrJiM-iv > wrry rrffnLajr Himnsrjngat d 

nllllMKferlstlt? r>f tljf- CP^iituKlfiinutfl. Scn'rbT: *w^p!a atdfcl farther m 

liumi«ad plTMt«k4i&i thP «qrfiLcxr KhFtLHa!>riiiT. 

ip7 jLrirLiMoJr^lHi hcrrtfi Ulrich fmip thr Lr-wiir CwriwoltmiU win of Qhfcn, A 
hUIDW mini m abairliim, naiuml Urn *iut ■ 12. r.tlamK jeIT rf|mt«niAti cxEentali* 
liut IlstI^ I SrP" Int-’rnat itmi':Surr nf thfl 

rtiL flAEdfiiW* I'irlrh fm»a thr lArwrr Car^AlTi-rtHii of fililo* natqj-il 

' and V t IX rt fi!|flwnl»tln* of a ptanritrlatk Tppf-r Ptakodc Srasi*. 

“u-^ti II'ortft«'> 3 1 °™ Ulxlch, from tu- L wot*? C4rb<m!ffrflill iWirntJ limp- 

gjpuj r ,£ uIIjiuEb. iboirhi pawShtt KlaUwELthlp fif ift* Cry ptoatocusia to the ClHIo- 
utiijiLnta. i20. A flfW of ttw hlfMItiia hrsine-ij - Ill uetratim? th* fiplno* 1 SmtElft. 

no -jr^redo Of thr Mhip, XSS, rtnwSajc thf rhcHOTlojaLfttmaa ty pe fcraedo- 


]-ias&i{P' of tht 1 cpfis and the escape of the larvae, or, in other worths, 
the relations between the operculum end the ovicell; second, the 
livdr<viatic evutcpi aid cMrusimi of the polypide, end lastly, mld- 
Ht-ation and chitiniKation, or the nature of the skeletal part of the 
animal. Therefore the least important of these functions lias ua men- 
ttoned lieffire l«ca almost invariiiLlv alone considered. These func¬ 
tions nre tint tli(H«'iih to dstortnine in the recent forms, hut in the 
fossil species, where only the calcareous skeleton remains, it would 
seem sometime* impossible to discover nil of them. Fortunately tho 
form of the aperture indicate the hydrostatic function, the presence 
of cnrdelh* or projections on the apertunil wall reveals the move¬ 
ment* of the operculum, and the nature and position of tho ovicell 
illustrates the function of reproduction. 

Fumtion fif rfproductim .— A permanent classification of the 
bn'ozoa is jmjKisaiblo at present, 1 legalise each family is undoubtedly 
charaeteriiMsd essentially Ivy its larva and unfortunntdv the larval 
form is known at present in only a few families. Tile fertilised eges 
of the bryozoan are transformed into embryos and these into larvae 
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F*6, St—OrtocU Mmelun- Lis ths CheiloAfcjinAt*. Op— OpesroLlisni; Ov—tirlcfll; Kd—iU*- 
tal utah-iatj]; miwimii; Ihr— [wlsl^mla or Utbfl JcTt'luprd 

li| Knjwlh fi pertAlnm*. *rt3(j min lunribin line IndlratA# Iho iBtfffifcranpGTiH 
■Whysr |fac ttltn dOLihli- ]Laip ftptT wrtfil a the * 'J.H r* I>1 HTU. 

Umdfwlliml n*€£j&KUi lltinapfa xootcrla with no rDd^OwdAl ovlctll Tk 1 ottcill I* 
IfrltJaltl ttip ltri»rfuiB ItHlf ihil tfep Dfclttiflm EmiIU tb* ICOftluiti anil thfl OVt- 

Id 2 a fold &f tlji 1 Affinal wall H [urate* tlio OrleHl from tha roclypi. 
a, Iflrroptjra fipirEa.vEj Eflpcr. A £iunp of xiKn^li* v^_ -with ■bowtnw the eftiJ*- 
xfl 4 hM.‘]*l [tthTll and | 3 ip upc-rcqlain Hofling aTitrll o" w^-lt a* tUv iooftii. 
i. IVJsimfJln Ivviutmi Ctt* ud Mtt. ftracela, X40t with Ibe two VfW*mQ«t bear* 
lt-tf thp fll&nll rmloMorcinl otictJl. 

B-T, Ekctinfifi thowlop tof hypcrBLoiEiEal wlffil Ln wli Irb tb*> k» pU«‘^l 

□n Use dlfll&I laiPrcimiL In 5 the urlratl ppm ip Im-Low ttsu opmulim ana liter* Ji tbit* 
em]y abp ppai-tyrr. In i-iiTt at* two ap^EttHrit. unci IIm* oprrrnlHm In opetilnr eliwra 
I he flrrorll, In 7 tbe ctIwII opou* uIkjvi* ihr ^(rulsiffl, 

H„ Thrw btE^IM xooeela *f Jfrittip hunti t m pi+pd^ t:y»k + X BO, Ulustral faff I hr byper- 
•Blcmtal form rf firitrlL 

Q, Gf Itsdot^enai oriwli Id wbFch the nfktli 1 a cwEnpktU-l? from tfrfl 

x-j^x'ium a ml Ha firidft- Is rrinowsl frant ntnrmh* □ml frincrfl In Ihm tafll-n planr, 
irp * 'IVy xcthcIa, XGO. of fTfffijrCrt iirtiiftju Hawaii,. *how[n K tho bp^rtyrtw al nuiali 
evlwil In. ndranw but uu ttw i«jqe ptisan u ll» iargtf tfBtcinl ipntuw. 
II, OTijrlH'.l toiiTlfl, of (:'■ ftymuhr ikmoont Ei[ht With hfpeTfloUilMl otIotIJ 

t>p*hhi* pilKjrc- the apfirtnj* 

IS-IS. HypeirtomijU ovki^En. In 12 Ih* afindl in In l 4wp rrkrltj «r n kintal 

ToftTltffl. TIi*- or^FnsJnra la fcrj obElqiw an*| np^rat^* Ln a fpdAl ^uMr 

10 repmwtilJi P ipedttl type In which th# avktU dprng alw^ Et» dp^miSiam 

In the prliiuisk of hti» fornn.^ ivy |hr i^rr^ii i h of thr fwrtrujinr, 

A STu&p of V Wt h of 7phfp4^Un JIltOlUlTTlJ, wHh two Ji^l- 

ii'-imlflj -jrtfr-tla. 

I&, t>EB«rftm «f a pfiirtnmAil nTlcvtl itKUrhw Sti fomatLon bj aft rntftnff^bst nt of thn 

petUtomto, 

Trtileal ►-Iflraptp trhyUciiHa Id^wu Pusbl of the rfcumbrnt orin-U, *. 10 , In whteh 
ittJ’ ctIo?I! Ip pIaomJ iOi tLrt ilUtal mil Of Hf H«n«tD« U»lf 
IT- A ilricli of a wniiDlk'flf orlcelj nhtiwLftic Iti rrlAtfona lo Iht- i™di mil o^mjlDUf. 
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within special cavities of incubation which, when visibly are called 
ovicells. A largo number of species of Cheilostomata show no ovi- 
cells and nothing on the exterior reveals their mode of reproduc- 
lion, Some are ovi parous and expel their eggs by nn inter tentacular 
organ, but meet of this order have some visible ovkeU. An ovtedl 
of n particular form find position usually charnctenzc-H all of the 
genera of a family, and it is of course an in variable rule that all 
the species of i genus should bear the same kind of ovicelL In addi¬ 
tion to the position of the ovicell, tho rektionship of the operculum 
to the oyiccll is aJso quite important. Its various methods of opera¬ 
tion are illustrated in the accompanying diagram, wMch shows 
sketches uf the more important types of structure. (Text fig. (K) 
A section passing length wbe through the xooecia or individual cells 
is necessary to determine the nature of the ovicell ns well us the gen¬ 
eral structure. This section requires much care, ns the specimen must 
bo mounted on edge and the abrasion mu£t follow n definite row of 
ceils. By the use of small wire nippers it is easy to trim the speci¬ 
men to just the right form, then by mounting it in hardened balsam 
between two small bits of wood (fragments of a mutch serve excel - 
leittlv) to hold it on edge, the abrasion can la; continued until tho 
desired section is obtained. Actual dissection of the specimens with 
a fine needle under the microscope is often necessary, especially to 
determine the mature of the oviceU, 

IhjilTQxtfitic fuitrfkm .—The discovery of the znoecial hydrostatic 
function by dullieti in IBS® explained many manifestations of ihy 
brytjzoan which for n long time had remained absolutely unknown. 
This fund ion of the extrusion of the polypklo is so important that 
ihe two suborders of the Cheilostomiita, the. Anosca and Aernphora, 
are based upon it. In the suborder Anasea the go-railed usimpenxa- 
tion sac is wanting and the imlypide is extruded from the zooeciuuk 
through the depression of the ehitmouB frontal wall by parietal 
muscles* This feature, as well as the general anatomy of the pnly- 
pide in this order, is illustrated In text figure 10. In tho Ascophom 
the poly pi de can emerge from tho zooedtua only if an eqmd vqI- 
unio of water Is introduced to compensate for the obtrusion. For 
Lhh purpose the compensation sac (text fig. 11) or vompensatm 
is placed beneath the dorsal under the larger part of the xooecml 
length and cofomunieaUis with tin? aperture* At the moment of ex¬ 
trusion of the polypide, muscles attached to the compensation sac 
contract thus enlarging the and the operculum in opening for 
the extrusion of the poly pule frees its orifieei A minute drop of 
water then penetrates into the. sac, thus compensating for the poly- 
pide. Tlir entrance of the water lute the compensation sac is thus 
the hydrostatic function and it is exercised in many ways which 


THE BRYU20A—UASSLER* 


369 


nro indicated by the nature of the fmntal and of the operculum. 
The nutore und*shape of the operculum is thus very important and 
whenever possible the student should make a special study of this 
organ- 

OperwHanu —Tills small ebitinized organ doses at lho same time 
both the orifice of the polypidc and of the compensation sac, its an¬ 
terior part, or (inter, dosing the former and the posterior pail, or 



FT(t, 10,—fjf'mirjil mtQuj <it the- QidElMtASAli, Tire idoIiIi ot 
i/ummoh nruMiu eteUtatHauteUtf Eii-ycnonLn {tiaijmhi arfru fn rLs 
Unborn* i from ih*’ HiUUutk^ nbowlnc the vaHuuv p*rU o£ tbr 
poll pith?. MgMr litiiEDlM 4 After Parker and ZkttrlU 

poster^ similarly closing the latter. Thus the shape of these two por* 
finits is evidence of the nature of the tubes they close and the de¬ 
termination of the operculum is mi important feature, (Test fig, 12*) 
In one large group of the Ascophora the orifice of the compensation 
sac is very small and the operculum has a corresponding small nar¬ 
row longue; in another group tills,* orifice is quite large and the cor¬ 
responding portion of the operculum la large; again a tpodul tube, 
the spirumen (test fig. 13), may introduce the water into the com- 
--24 
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pcnsatrix. Finally, the compensation sac may not en«l in (In' aper¬ 
ture at all. lint may open exteriorly by a special pore, die ascuporr. 

The form of the operation; is therefore in most cases identical 
with that of the nurture, but the latter on fossil forms is not always 



FIG* 11,—ri-n ETfrmmille (In^lDg nf a TSFygfcoait bfkngluE *0 lib* sub- 

cn]H ABfcvphor*. iluwtax |b- turlctU tOh tins emaKiLfilia ulcure^tn fratital wall wltfi 
k pptaNlhtpfHl Hvl^ulii rlahi nflil ttr farm pf I Su- fljwfrulum wish Iti poitfritif pnitlon 
(pin wWi'li UmmIa Into ite fomncuiatloii nr (f), tilt? Anterior portico l.o) dewier th-e 
oftllfT of pcJjpW* <PJ, TEtt‘ KLcySf ctf Crtrddle upon wbkb thr- D|wrvu]um op*rjiti‘* 
U b 1 »wd nt r r Fid til* mmmuiilcatlOTB pir« nr b^twn^ ibr mt #, 


visible exteriorly* for it tmj be bidden by excessive ctdeification of 
the frontal or by exterior orgaiks surh sis the nVicului-ia T Tbe only 
i-afe moans of detertniniiig the tme form ot the aperture b the ox- 

99 ?0 

O 1 ^ 0 O 0 Q Q 

9 io n is 

Fm, 12 FkHrb pi phnwlor tbft ofierentitm In dlrfi'rtnt **hcitr nf 

Cbfllkittwata. 

1 - 4 , Anairp, DO cum^irttWh w. r tl H ThafamnfmrtfU; 3 . siirpfi^pafHlQ 

lllHiimllDf Hu* nurlmllninii la form of th* anti rjnr r-rtlo* 

OC U, ” 7 $> mh * b »*“ PoifPfde - nu rj^l nivd lit* 

ptmtuW part (jtoflrfl [,y whilst wntir *n tm reduced Into the com- 

■ Tr V a4 >f f ; . B » *"**Mta»*,- e, Smiitl.1,; 7. Nfttoj* 

1.1. »• *"■"•**« 


uminntion of the interior of the zoowium obtained bv abrasion of the 
basnl surface- This preparation is easily made bv mounting the 
figment to be studied m hard Canada balsam on a glass slip. ceUu- 
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Uferous side down, and then rubbing away the superfluous material 
until the inner side of the calcified frontal wall is revealed when the 
true nature of the frontal unchanged by any external influence may 

be found. . 

The preparation of the operculum, which remains only on recent 
forms of course, is another important and quite simple operation. 
The simplest way to prepare slides for viewing under the microscope 
is to scrape off a few aooecia with the operculum in place, crush these 
carefully in a drop of water on the slide and after drying add 
Canada balsam and a cover glass. Some of the opercuk will be 
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compeamurii' 




£rOUtiU 2H>0 
IfiJ wall 


jioriirtoJEC 

opfin opercttlofli 

membra n eous port Eon 
tit tht splracffin, 

anter 
flowed operctilumf 

■ teatoiUr fiheaUi 

■ dorsal zcttedal wall 

pclyplda 


reiracior muscles 
of "the pqlyplde 


flQ. 13 —Stfiifiuw af tkft Airopti&rs. TrimrionJi Sort. A. reGcGt or the 

it lirftntfbj X&O. atnl i On win* of «■ (anKltuilltiiil sttrClfiB 

thruv^h ci sSscle rtoitflom wStli thr TftHpu# purls of thr poJjtrlilo imll- 

mart- i After lUnti* nod lamer*,) 


broken by this crude method, but enough perfect specimens will re¬ 
main to make the saving of time worth while. 

Formation of the 3oatnal nkeMotw—Tha living tissue of the bryn* 
zonn giving rise by its differentiation to all the various organs is a 
delicate epithelial membrane, the ontlocyst, lining the interior of the 
skeletal |mrts. The first differentiation of the endoeyst is the ccto- 
cyst, a thin outer covering membrane which hea no secreting power. 
Next, the endocyst secretes the mesenchyme, which in turn gives origin 
to the polypsde and other portions of the organism."'’ The calcare¬ 
ous or chitinous secretion forming the zonrinl skeleton occurs be- 


- 1HCO. OilTft. U Cbntriballon* n nUtiortn ilr* brjoiniiln-A Ktoprocti'* m»rlu*. Tra- 

Tim* fld rtimUtut Xooloalc ik) l'UblTenilt* to Wemt|it’llit>r, new *W„ M^molre No, R 
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twn the cctooyst sunt endocyst aiml with nil of its variations in struc¬ 
ture a act accompanying organs. such us vi breath* and uvicuktia, is a 
result of the activity of the cndoeystsd buds. The walls of the ooarial 
skeleton may consist simply of a smooth (Lin cnlcurcrms deposit, the 
olocyst. or above this may be secreted a second very ikjpous layer, the 
l remotest, intimately joined with the oloeyst, although sometimes 
clearly detachable. A third layer, the pleurouyst, eojifiistiiig of ll 
granular deposit with lateral punetations, may also occur, The pores 
of tin 1 *® so vend layers an? traversed by mesenehy mntoi is fillers which 
likewise puss from ssoocxdutn to ^noecinm through the hi tend walla 
by small [Hires called sepUike* These may be uniporons s^r muUi- 



6 

1 |C, L4 —3'' ,i LiCl.|ln,c UBii illJlii'llilr. 


1-3. I.-^iCuIm- or poriftnl [ irn Ihcna-b lvhleti tbi* ilbur* P s**p 

fj-ttnq tin* ir.sK-rl^an nHOTli. r. 1, JvIjTr -.r * K^H-Tflum nf CfttftfftJWti 

Hricvra S»3H wlift miQltlp.ircmr rpluU* tW<*ki|tar4j (-Towttr plit ^-4 of 
auilinrpi■ A gTeaOy ratorKM vkn of a miihlpftrtnu h*|HuU lllu^mtliif 
detail <sl lu^ rtnirturE. U, &l fi * rLnw. * of i^rtLoa* of iwo sckjccIji of 
Hfppcparfiftti iWirtDic unlporouB *■ [frlulie IbrauiHi Hie la|c«t 

tillii 

4-1*- bti'El'Ilqr «r fWIT ebamtafts, Tl™ rtf VAftofll i;hTlfi Of ritrll^nlninpfa 
niJLCXiieii’».f- ■* fttute the IijmI -U3r and Him Era Hun Hie varlaiSnu m ns 

!*?et yf tbc dkntdllA t. ftriwliimtllp jpi^i^ni Illni ti. 5. fTllirina irrzU 
IlkiirtA. M- CWl&fw™ Eli! if* Lliinn^u*. T. bniilorwiphiu Noraum 

& TnFPv*l f &* **■»*i -Vnrmtti, 

porous (test fig* 14)* but before reaching the septulae the mesen- 
chymutous libers traverse small lateral chambers in the proximal 
part of the zoo?x \um : called dicfdlae nr pore chambers. 

The discrimination of the chanctorutics of these various zomt- 
ciftl skeletal features i? important in the determination of genera nml 
specie m«1 » jt ^ n«»ry in study that the following preparations 
be made. First, thm sections of the wall, particular the frontal are 
needed to illustrate the electors of the three layers olocvat treinfv 
cyst, and ptoarocjBt* bceond. the frontal must be abraded awav to 
show the occurrence of such stmettra ^ dietalke. This abrasion is 
effected by mounting the specimen, frontal side up, in Canada balsam 
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on a slkk and nftvr heating to burden tho balsam rubbing it gently 
on a soft hone* 

AjfadarU and ri&rawfe.-The “bird’s bead" organ or avien- 
lurium (text fig. 15) attached to die ssooecia of many Ghailostomata 
consists of n small coll containing a rudimentary polypida and of a 



Ft£ + 1E,-—Ai'lculurli. and Vlbrafflala. 


I, llalfiparrUir d*mntwti§M*i SlATLtfflJ'AudcULltJ, frith law a vlcUlilrta pne- 

Htf ¥!bic Iiil r kin wtikh UiB mandible njh'rcitrii. 

^ Ahlru^arii ^rdn«ll/»vk DlnrkP. - fW. The Hcl.uiarifl tw mpjill and dmt 
onod is |iatn Jual aMjw ttir mjwrtliFw. 

3, tfmmmeHa rrajjtawtfiuta tliniti, xSO, In which Pi*- ftd<ul*rtm nr- t<-r y 
fSmllur M* ihc tucwrla bat bmy hr- dKaltoffn lihctl tijf l.Sw of tn«- bur. 

i. UKtHtfvphur* ii ynditidnni K BO. Lo. p^^nrUif the luff ¥l- 

fanealmn and tin,' ti«« frtfDJ which li I-Jin*Fgr- a. (After Hindu, i 

mobile rhitinoms mandible which in life keeps up a snapping motion. 
The laiter peculiarity led to the belief that the purpose of the avion- 
lark was one of defense, but it Is more probable that they have some¬ 
thing to do with alimentation or oxygenation. The mandible- are 
symmetrical objects corresponding to the oparcnln of normal JSooedn 





Various l^jw-i of ibii ehltkopan ixjftltpci of lb.' o.vlfutarIfli:k dunk nEfl.-«3. which 
lq uTiPful Su tht- Idcntl&LnPftn at cheJkwteilBfttfrns brjnSJia, 1 , A.dctiw:itop- 
fl t;% Smdtina; 3 r PcHliWi^; 4, tfcftfeapeifKJIa ; 5, Sm-Uliiw; £ f ^- 
pum; * Jfefepjrcllfi; S* 0, .4 Jfpjiir ; 10. Trip*ifntfMfl ■' JJ- * ^ 

amOpOTftta; 12. Satin jna; 13, t*MbaniiJ&; li 

and like them varying in shape with the species, so that the deter tub 
nation of their size and shape is iik essential in detailed work as that 
of the opercuk. Their preparation for study under the microscope 
h the same as for the opereak T already described; indeed, the two 
will almost always be found on the same alide. Some of the varia¬ 
tions Sn the form of the mandibles are illustrated in text figure 16. 
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They usually have a straight proximal edge, which works against a 
calcareous bar, or, whoa this is not complete, from two teeth. In 
the fossil forms and in many dead specimens of went species the 
mandible has been lost, but its position is clearly indicated on the, 
pore!ike spaces left by the aviculuria in well-preserved specimens. 

The vibracula (test fig. 15) are modified zonecia, similar to the 
nvicul&ra, but differing in the occurrence of a long cilium or seta in 
place of the mandible. The porelike excavation it leaves in the fossil 
forms docs not show the variation of structure observed in the 
nviruinritt. 

Ctntdfnrtion .—From the foregoing discussion it will he noted that 
more factors enter into the determination of a cheilostomatous brvo- 
xoen than in those of any other order. First the presence or absence 
of a compensation sac must be learned in order to place the species 
in i ts proper suborde r (A n a sea or .Vseophorn). Then the rel at ionsh i p 
between the operculum and the ovicell and, again, between the oper¬ 
culum and the compenaatrix, the position of the ovicell, the form of 
the aperture, the nature of the frontal wall, which may be chitinous 
or, when calcareous, may ho smooth (olocyst). punctate (tremocyst), 
or rudiatcly ribbed (pleurocyst), the occurrence of dietcllae and sep- 
tulae, and of avk'ulariu and vibrucula, as well as other mote dotailed 
structural features which hove not been discussed in this article, are 
to be ol>served in turn. The proper description and illustration of a 
species of Cheilostomatu is a considerable task in itself, which can not 
he accomplished simply by publishing a dirt gramma tic figure of the 
xooecial surface characters. 

Formerly the classification of the Cheilostomata was hosed on 
purely zoarial features, but in the latter half of the nineteenth cen¬ 
tury the jKJoecio! characters wore more closely studied, especially by 
Busk,” D'Orbigny.” Smitt” and Hincks. ,< The latter author coo- 
Hidercd especially the form of the aperture—in other words, only the 
hydrostatic system—but Julliea" in various publications emphasized 
the more important characters for consideration. The microscopic 
anatomy of the polypi tie in the Cheilostomala is described and illus¬ 
trated in detail in t’alvet’s important contribution iu I0OO, M Various 
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works on the structure of the Cheilostomuta have been issued by 
Hamer, and Waters since 137* has been a most important contributor 
to this subject. His many memoirs on both Cenoasoic and iieceiit bry- 
ozoa likewise are of the highest value. In 1900 Levinson 1T published a 
memoir which is indispensable to the modem student. 

The fossil Cheiloetomatn also form the subject of numerous 
researches, among which the work on Cretaceous faunas by D’Orbigny 
ami various monographs on the Tertiary of Lurafta,” Africa, 1 and 
Siutb Americaby Conn und of North America 41 by Cnnu ami 
Bossier should he mentioned. The last-named work contains numer¬ 
ous test figures illustrating family and generic structure, in addition 
to detailed references to Lho literature. 


Disi’itmiTioN of the bhyozoa. 


Tlie continent of North America is undoubtedly the most favored 
part of the earth for reading Paleozoic lustory, and it is equally 
favored for the study of fossil bryozoa, as many of tiic Paleozoic 
marine limestone and shale formations abound in these organisms, 
Tlu> Eurasian land mass presents many surface exposures of Paleo¬ 
zoic age, but they are to a greater or less extent disconnected, and the 
fossil forms are not so well known as in America. In Asia tlie Salt 
Ktinge uf India has yielded Carboniferous bryozoa, while in Europe 
the region of the IJral Mountains ami the areas bordering on the 
Baltic ?«a, England, und Scotland contain most of the Paleozoic 
strata which have thus far afforded specimens. Three or four times 
as many species have lieeii made known from the Paleozoic of North 
America as from all the rest of the world. 

The earliest undoubted hryozoa n is a species of the peculiar t repo - 
stomatous genus XichotsoiaHa, occurring in the Canadian rocks of 
Arkansas, although a species referred doubtfully to the Ctenostomata 
has been described from the Ungulite sandstone of Early Ordovician 
nge in Esthonia, The limestones and shales of the various divisions of 
the Ordovician above the Canadian abound in stony bryozon of the 
Cryptostomata and Trepostomuta (pi. 1, tig. 1 j, although the Cyclo- 
stomata are represented and an occasional species of CtanftStonijitu 
may be found. In the Silurian, bryozoa are not so common, ami the 

* Lcvluwn, <i. M. R. MwrtioleciraJ ■“’I n*Wm*tl* «twlle» on dufUnrtosmtoon 
Hryp^gl 1 19M| ) ■ 
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m Cimi F. Etajkf rena rurfrc tie* EftrtLIfinJi rEfxpUJ 4W ^ 

Yjnmtii d* In* M^Wt^rraiife* *fc tie In tn^r lw. H^oeln'i Irln*™ lam* 11. 
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tit Hwct Ain*. t«m XVII [IDWH. lam* XXI (Wl). 

' * HifiM and Qwler. Marti AmvtteM* Early Tertiary BoSJirttn 10U. U SU 

i LiiOAl Muicum, iftiifJ- 


Am\vn Hnvta 

Nn 




S7G ANanjAL report saiithBonian institution, 

Cryptostomatn developed rtt the expanse of the Trepoetomata, In 
the Devonian and Carboniferous the Trapoetomata became much * 
reduced in numbers and finally disappeared, while Liu* Ciyptostonaata 
formed li wealth of specie^ especially of the keel ike Fenestetfa {(>1- 1, 
fig. 2) and Us nil its. The Ctenostomak remain m sparsely repre¬ 
sented as before, hut the Cyclostomata have increased in number by 
the development of the great family Fistuliporidae. 

With the beginning of the Mesozoic a decided clumgo occurs in 
the bryozoiu The Crypto-stomata and Trcpostomata have disap¬ 
peared entirely t the Ctenofitamata. are as ran? as before* but the 
Cydostomnta. now develop great numbers of species, with fcnaria quite 
similar in many instances to the Paleozoic TrejHistomata. The 
t’ydostomatai remain the predominating type until Upper Creta¬ 
ceous time, when the Cheiloetomata, which appear in the Juriissic+ 
now expand into so many specie# that they pooh attain supremacy, 
D'Orbigny alone has described not leas than 537 species of Upper 
Cretaceous Cyduetumata and 300 Cheilostomata, although many of 
these ate synonyms. This great development of the brywxia in the 
Mesossoic is known only in European strata^ for in North America 
and in other parts of the world these rocks have yielded compara¬ 
tively few bryofcf iim faunas. 

Roth North America and Europe are noted for their Cenozoic 
biyoEonn faunas. The Atlantic and Gulf coastal plains of North 
America and the northern and southern slopes of the Alps, as well us 
numerous oilier localities hi Europe, are rich in bryozoa wilh the 
ChcUostomata and Cyclo&tOTnafca well represented and the former 
predominating. Southern Australia likewise allortk an abundant 
Tertiary bryozoan fauna. 

In the recent tens the dieilo^tomatu, exhibiting the bryozm at the 
highest feiagts of their perfection and beauty, h the predominating 
order and numerous species have Iwen described from all the oceans 
where they occur, usually in abundance, from tide level down to 
great deptlia- The voyage of the €halltnger brought forth a wealth 
of species which has since been greatly augmented by various ex¬ 
peditions, as well as by the activity of local collectors. The seaweed 
tossed itp so abundantly along certain ™Lists is a fertile collecting 
place for many parasitic spoeics of Cheitetomata and Cydostomatii. 

BTRATlGRAPma VALUE. 

The use of fossil bryoztm in stratigraphic work has scared? al^ 
tamed the importance it deserves. In American Paleozoic strata 

they are preeminently the f«anb to h* relied lipfiR in comJstioI1 
work. 'Hiey nre nearly tihvay? abiindmut, und even when nnorh- 
preserved exteriorly coti be identified by thin *ctbiuL Crinoids a „d 
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crustaceans arc usually tooi^art®; mull use a t abundant in some forma¬ 
tions, art 1 almost wanting in others, and likely to be poorly pre- 
served; vertebrate remains an? too few. ttml usually local in dis¬ 
tribution. The brachiopoils are also usually abundant in all Pulc- 
ozoic strata, but have commonly too great a run-re vertically to be 
trusty guides in close work. 

In the Mesozoic rocks of America bryozoftn faunas are few and so 
far little known, but in Europe they assume an importance equally 
jus great u* the Paleozoic faunas in America. In both continents the 
Cenozoit- faunas are abundant und of great value for correlative 
purposes. In North America over 1JMm Cauozoic spades am known, 
while in Europe the number is equally large. 

Because to the unaided eye there seems little variation of form 
among the bryozou, they have been generally neglected by collectors 
and geologists. Early writers are &lso to some extent responsible 
for this neglect, for they failed to discriminate the different species, 
and made a few names, such as Uha^fetes lycoperdon^ no pom 
fhro&Qj etc., serve for a multitude of diverse forms. It is no doubt 
true, and this is another cause for the neglect of the bryozoa, that 
their discrimination does require good powers of observation and 
careful, often tedious study, Farthfirmore f the number of species is 
great. Somewhat more than 1J500 specif have been described from 
American Paleozoic formations, yet these are probably but a half 
or a thinl of the distinguMiable forms present and already largely 
known to specialists in tlu> subject. The determination, at least the 
first determine ion. of the species often, and among the Trepoetomata 
nearly always, mpdrvs the preparation of microscopic sections a 
ted ions operation at best, However, when once u species has been 
thoroughly worked out, it can generally iw distinguished externally 
from associated forms of similar appearonee by quite constant dif¬ 
ferences, which often seem trifling and yet air doubtless of mor¬ 
phological importance. These various considerations would seem to 
compel greater labor for the mastery of the bryozoa than for any 
other class* bul accurate determination of the brachiopods, corals, 
graptoliteg^ and other more widely studied groups? requires equally 
great efforts. 

In spite of numerous researches on the bryozoa as a whole, a be¬ 
ginning only has been made in the work of determining the geo¬ 
graphical distribution of species ami genera and of elucidating the 
many obscure questions regarding the migration of faunas in the 
ancient as well us in the modem seas, their extinction or evolution, 
their reapparition and like phenomena. Similarly the study of the 
larval forms, the anatomy of the polypide, and of the various sub¬ 
jects concerned in the relationship 1 between the polypi de and the 
sooeclum offers a wide field of research. 
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FlUTK 1 , 

Fia, I,—Limestone fOflb, tin tuna 1 mLec, eowpeaed mniaty TtvpQatamn.t& or 
Kfumy Middle Ordovician* St. PuaiL M inai^sotsi.,. 

Fin. St^ttrfiwe of t lmttiUifJCf x Z from iho Lower Curbeniferons OVnnmwS 
llm^tonn si L CvlwriXii ILlLsois* i.’tJitbSilnR the remains of lu.vUh* 

IFcanjidte pLUs^i l^lFJwra) of tin? order Crypt^tomatiL 

Plate 2. 

Fio. i_Bryoxocm marl mam tin Ea*ly Tertiary rocfei of South CnrollniL 

Tt,b tistire li'fi Is *') rtiproscnrs the iwk n« by weathering uud 

th,. , lLtf s.. jii.‘ rlfilit lUt! up^'iimnct of the spjttmcna U uUw preparation 

for Biudy. 

fkl 2—Dmb:inpf from l he rU!tiliy of Uie Piilttmiln. Xs^Ion rt»w|tig vbHoub 
tyixv of rrtvnl cheHuwtiMimtoi» liryosnu, iifttunil *lJW< In n *»«■»■' or ^ fr *«- 
im-htctfy state, 

FLATK 3 , 

Ora will forms In Ihe Cydastomiitft. 

Ftg. 1.—A typical imcrustlnir Wm«tr sthh^s ^<&0M)tO|wre frraffl Ojstsu nnil 
Rusal*?, x 4 , from the Eocene t Jad»odlaflj*of Nurth Ouvltiui. A -“ivnti* 
ke-fh v«> of titmutopara. Is n\m pn-mtik 
Fin, Fortlirt] 'if tike acenrlttlU of ^fOKialojaorw pftippona Cams uml Uniter, 
i 4 h lUiislrtitini temleacry of the hrundi*H to form trtdygani. 

Fia. It—A fniwmtjni tif EnHj Silurian Htmiy hry^n IGtyptirafoinutfi} with 
ktu enrnutilfJt: Odostnmfl touts Corymbturtiidu Ulrldk tm'l the 

i a tTii r ]Uiir , V fl ^ 1 X G, h 1 sliow tlio 4711 r.i i-ulSi club-tdiu|icti ;oHHmii r 

Pjo^ 4_Another sD*df» of entnutln* Cyekwtomute* ConttuHryw injLtln Hflh, 

* ■! intriidHi-'il for f<J>jii|i!irlHOll With Lhe pnw^kip t" show how simple 

til it from enclt t.tfier* 

5 __a couudud* rccsmt hryo&paji* CrUU, mn trill did, dns^istinp of erect 
tuftUAo tn mici a n a Jo ns' of urttaitateil m-gmaiL't with the echkv’Iu arranged In 
rxit row- Tli'’ tiromlDcnt orfcdl isu prelimL 

Fa a, 6 ,—Another fotson Join tt>d brycaoam* rorttnia iDUs, x lG fc with 

jtooetia, 

Fco f>’tnfci v olltklSfortra6 of aai tu^nh branchfil ^ nirluox Homara 

Lanauurotii. fn^in lliv mceat sens. 

Fm. @L— OellttUfcranHL of FifJtkV^j-jnna mor^u^iq OTlrMpny* naiienlHisd* 

f n mi l !!■ <'n 4 tnr«Knw* of £■ rnno 1 , i-luiwln^ HtJjcoloultP to \uiionp stttecta of growth. 

FLC, %—A prii-T'.slui|HSl *Ourli]m l iJi-AcrK/ponv ffOn^nna D'Orhigyny, nuipnliletL 
from tin? i,f 

Fin. 113 .—A recent fuuplftiriu l^taonn, D'Orhliny. 

fr^in South inmKonlft- mutiilOftt. 

Km. 1 h—tJil&rnl vtow of frinionca awgmirrr^o r 4lfl[| aeK i Hunlcr. x S F from 

thf^ Ethjcne l. 3 fl«taonlftn> of North Cantina, •hawtm the r 4 o^tnl of^lngn 
on one aIeI^ of the brunch only. 

Fiu 12.—Another UremJilnp ^tes, lfccv*i*refu o^Insdrfoq Fann HB d m^ler 
i 8 , from the K-vne wks of North OurolSi^ Lu which tho aperture „|i,-,s on all 
-iSdcH Of the ioartttJiL 
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Flo. 13,—A brn netting sflaHefl, J? onojwffl r 'totlaldlm F'OrHI guy, magnified, 
from the Cretaoeod* of France. with tie towtifll iiperturv* and mesopon* nr- 
ranged it! regular atiM*, 

Fio. 14.— Minified view of a aolld ramow epeileit, Hum&irM masjnlftcu 
D Orblgi^i from the l P ph r Cretaceous of Franca 

Fio. 15.—A solid ramose bryoxoftn. FprfoffiK'forrk alfftoHata Ulrich, i $* 
from the Lower Eocene tMLdwajiuO of ArkatmaA* with niMuporiw and » fcOn- 
rLuiu as in ibe Trepoafrniintn, lint j>is**wlng the oeloell (broken i of the Cyd&- 
atomata. 

Fio, 10.—A composite zoarlnm. fTnfro^ca t Ifu^ilobpjJrm) mfvrQptirit Heaps, 
enlinwh from the E>ctme n^kn of Northern Italy, 

Firt- IT.—A very common, ■ njile nuaoKit* Steele* of Cjrclostomiilu, Jfctiptoccitf 
prvbosridrtt MU ne-Edwnrd^ x a from tlw Tertittry fVHtotiarfflnn) roelm of 
Alabama. 

Fiu. IS — Another Umnelifns Bpodori. Bpiraporu trmfMtmtla Cana and loftier, 
i fi, from th>- Eocene of Sob lb i'cirolliia, showing the amtissemoiit of the aper¬ 
tures. En regular niwn 

Fun 4 . 

Sinn’mraj foaiurt'-S of the CyHosumuita. 

Fia L—{Enrlam of ^tofliofopora jjamportr Gann iuid Bassler, i 12 r From the 
Eocene rocks of Mississippi showing the orbtcmiaf protoeelum from which the 
Aral zooecEnm or ancestmlii develops, 

Fm. 3-—-Drawing of ei rammi. bflincai; tncruotlng specie*, rtrUtom^vin 
i £fofli q tnporv ) tffrarjfctij Wniors ^lit|V^ in which the free portion of ibu 
tube enlarges to form the ovicolL 

Fie, 3.—A recent encrusting species, ftarowroerfa (TitiwJfjHirti) h^mialu 
Hlneks* rmignliled, with Hie axis of Use- evlctiU parallel to the iiiIh^- 
Fig, 4.—An ovlcelled brunch, x d. of u FdAsU spudes, JrfmoMca tfraUator Cami 
and Ihiasler, from Else Eocene rocks of Alabama, showing tlio oviedl on the 
cel Lufffrrnus flltle* 

Ful 5.—Ovtotllod example nf STflrrto IrrrjjnfcirM Mcncghinl. x tl p UlustratLiLK 
1be position €.f the uvk-cll un the dorsal, uonL’ulinliferous dittraelerlHElc 
of Urn bmiUy Terri blue. 

Fla. tl.— • fried led barium. x 10, of the m?ent specie# fu&ul?>wa 
Fabrlclu*. 

Fm. 7-—Tie? dmractertutlc utlcoti of the family Hneiwclhbie Conn, x tj. in 
which the oaefratume or opeolng of Hie oiieeil in uu usually mrge, 

Flo. 8.—Basil I side of on civfcelled *n*arUini of n dtBCoklnl tiiiecEe*. J>iicor.-jfNj 
tJifJcai Mlchclln, x 3, from the Cretan t*tw neb of Fraiu’e, The ovIcHLs (skmio 
of them broken j funu ji regular circle ubmit the base. 

Fia. t>.— A ports n-ts or she jointed colony of Crnid showing the characrertOTle 
ovlcell In tho fnmiiy Crtslldne. 

Fio. 10,— A common n coni oti<! fond I brytaenu, J/cfynorrHi r Kritnlnphom ) 
j?rotio.iWdru Mllne*Fi 1 wanbf, % o p iiluHLnuing development of tim ovleell pamlfei 
to the tube^ 

Fig. It'—A recent encmattng Pluyioc^o patinm Lnnanrek, x i>, exUlblt- 

tng poflllon of ovlccll qe right tingliT! to the iltrcctlnB of the Booecln, elmnirtrrtsr 
tie of the family Flngleocllda^ 

Fm. 12 .—TIlo oylecil of J^irfri fotyrlocrro ptjroftt Cnnu nnil Bnssk?^ x 0, from 
Hie Eocene rock* of South Cnrollna, allowing cbnrncterlptlcs of Lbe Ttotoryclw- 
rihine, n fikcijLly of the Cyclowtormiln with mefiopnre* and other n^m- 

bltug Lbe TteporitomuLn. 
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Fma, 13 ^ 15 ,—TL-rgoporea 13. Longitudinal thin section of FlcitrM^ 

;, ... r ^IIHI LLUiS Balmier from tho Eocene of Mississippi, X 12. Ulnslrmlt.j; ihu 

fftruclnra of Lite lersoiHjres ito the right) *ml the zooecinl tube* 1A 
side of ihe ZH>!irlum, x 6, showing nS il I ffiiK^- nrfKUffoawnt of the apertures, 1.x 
3 Jnrsiij :dd.- »f the whiHuli], i 0. Lllittlrntliig the lnrg« tempore* 

i(J-i —VeutiioIpss. 10. Lkm-hjiI aide* x 12, of Hemerv fnmdkotiato La- 
mouraux showing the vacuoles at the biife of Em^Etudinal anJeL 17. ColluSiferouH 

Mi I nr r i f [lit? HtlJLie sj^io* S 12 1 LtiU|Uud!nilt thin JROtiOEU x 12, n? f/oj'Fkrm 

antarriun Waters showing vacuole* on Iwlh the front*! (to the left) atkl 
dm! Ride* 

|.']i JS . jft. 21.-—CAHtf-llL, IB. An ovletUHl specimen of Ltehenaporti rod tufa 
Andonln, v 12 showing the znc^wljLl nurtures In * Tulnr ro^B sojianu«Hl h> the 
etincelll- 20. Lnn^itMliiiai thin ftiHriiori. x 12. of Mche&npura jfoldfvwi rtu&§«. 
Theeum'elll ft re the f*-n h^>I nml nunlfled tuU*c 23, Portion of it xonrSti® of 
Lichenoparti hMxtparihi Bu^k. x 12, UliwirdUnff tin? splnnles In the eniiceUL 
Flflgm 22-2.-L— Ductile! bra* 22. llursal vhte of a branch* X I2 P of KrkOMMun 
tiflrtiata C 4 XUM and BakhUt, from ihe Eoeime (Jadoonlftb) of North Carolina 
iihlhll [fig the duet j letbrmx 23. A longitudinal Uilu section of ffrtoftmtti 
tmoin Cairn and Burster, X 12, showing *W*clal tubes to the Soft *ml durr>Jo- 
thrne to the right, 24, Cyi'mllfrriHlB side of f? + adiftofn Cano ami Busier, x 12, 
Fnss. 2:V27.~ Flrmutoiion^. 25. Ijtirrul view of j» brunch of IiliHfJrvntfa 
f-EiHrrCnao and Ent?s!«r f x 0 F from the Bocem* (JacltHohlnu) of North Carolina 
showing like opening* of the zooecl*! Lubes in the upper right hand and 

tin* remainder of (tie tn-rtneH c-overeil wltli fitmnid^on^. 2fl. L-oi^iHidirm] thin 
pectldix X 12, of / Miirio-lM^ardft. Uloblrjiiim! stmctiire of tlrmcit^ 

pflrc^ (to the rights and zooecSnS tuln-H. 27. Cstiullferou* nnrface of C ro*wm 
Ccitiii nriEi Ikisil^ x 12, fioas th« Eocene Unck^mbn) of North Carollsjn, i j i- 
ldbiting ilio zooeclnl ttp^ rtUM and tbe clrumti>por£ F, 

Fiqia. ’SrtPmoporwx 28. 1 jva gi i iuli mil djin Beet Son. X 12, of fHpio- 

tfrjiftopom Ceinn and Hauler, from Ut* f T retnTOou» rorts of l* T mius» 

Bliidwlne the zotH^iai tnhc< to the and nematoporcii to iha left. 20, An 

ovlceiled lirimi'li of the sacue spdcksi, x li, shewing lateral tM^dtlon of the ovleall 
ond th»- nciuatupon K !i "'O the bmiad (right) side, 

rsnfl. 3CMU.—30. I-otiEltadlnai thin seelion of TrrtQV\}rUirriti 
rrikmlata Cairn Hikrl Bapuli^. x ih flhawtng ihe formathm of tlrn irymE-roiifi 
mF ^ion^ in shift Jfjseck-B. SI* A mwiriuni of thia -species, i d r from the Kocow 
(Ini h^oDiun) of South Carol inn lltuhtrnttoK the reMttnblnnet at the mrfaee be¬ 
tween the Jtooeclii and mefsoporoa 
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THE HORNED DINOSAURS. 


By Charles W. Gujttndf, 

.iiiN-Wdft- JWawildtiOT# U, S + S^t total Uuwum, 


fWiltk S plated) 

The suborder of extinct reptiles known collective!y ns the < ern- 
topsia, or as they arc more popularly called the horned dinosaurs, 
one of the mo&t remarkable of the many groups id extinct ammius 
known from North America. All the more interesting perhaps, 
since they are* so far as known at this time, a strictly American 
product. 

Their fossil remains lire confined to a narrow licit along the eastern 
uplift of the Rocky Mounts ins* ranging from Alberta, C anada* on 
the north to the Big Bend of the Rio Grande on the south- (ico- 
logically they tire found only in the latter half of the Upper Crda- 
ewafi. appearing suddenly in the Judith River formation (Belly 
River of Canada), again in the Edmonton formation, where ceia- 
topsinn remains lire lr^ common, and continuing through to the close 
of the Lance, where they arc the must abundant § ertehrate fossils 
found. In seven years exploratory work in the Dance formatiQn 
(Hell Creek Beds) of Montana, Mr. Barm m Brown says:“ I identi¬ 
fied no less than 500 fragmentary skulls and innumerable hones 
referable to this genus * (fWrarwtop*). The geological continuity 
of their course is, however, incomplete, owing to the intervention o 
marine deposits of considerable thickness, in which from the nature 
of things few remains of land animals are found. 

There are in the United States National Museum a pair of horn 
cores (see pi upper figure) that were discovered in 18S7 m the 
suburbs of Denver* Colorado, by Prof. George L Cannon, of the 
Denver high schools. These were submitted to Prof- O. (\ I Lirsh, 
and he published a brief account of what he thru supposed to be t w 
horns of un extinct buffalo, giving the specimen the name / wm 
alHccrnis^ and it was not until the discovery two years Inter of com¬ 
plete skulls in Wyoming having similar horn cores that it was found 
to be a large reptile instead of a bison, This error does not refl ect 
nn the sagacity of Professor Marsh, for up to that time such extraor¬ 
dinary erratum were unknown, and it was perfectly natural that 

m 
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he should have been misled by their resemblance to the horn cores 
uf some of the extinct buffaloes. 

It appear that certnin teeth ami bones found first by Dr. F. V, 
Hayden on one of his expedition* to the West ns early ns 1855, and 
later discoveries by Prof. E. D. Cope in 1873 and 1876 were also 
wrsitopsian reptiles, but the fragmentary ports found by the Phila¬ 
delphia professor gave him no idea of what the creatures were like, 
though with his usual perception ho' recognized that they differed 
from any animals then known to science, and they were "given the 
names Agatkwma* and Monodemim. 

These were the first of a long aeries of discoveries leading down to 
the present day. which through scientific and popular descriptions 
have made the horned dinosaurs familiar to the world at large. 

There are a great many different kinds of these homed dinosaurs. 
Most of them are known from skulls or purls of skulls, for tins com¬ 
plete skeletal structure has been found only in the genus Monocle* 
ititi*. and of their evolution and early history we know comparatively 
little as yet. 

The most striking feature of the horned dinosaurs is the gigantic 
head armed with horns and n great bony crest or frill that pro* 
jects backward over the neck. In Tfkmaepg, the last of the race, the 
skull with its projecting frill sometimes attains a length of 8 fret in 
old individuals, with a pair of large horns that extend upward and 
forward from above the eyes, and a smaller horn on the nose. In 
Monockmdus, ft geologically older genus, there horn conditions art 
exactly oppostafthu single horn on the nose being the larger, the 
brow horns being short and rudimentary, the frill being pierced by 
lurge openings or “ fenestra," as they are called. The examples men- 
tinned represent in a way the two extremes for between them He other 
genera intermediate in dre and in the development of their horn 
rores and frill. There are smalhhorned and large-hornod animals, 
some that have horns curving forward, others that bend backward, 
others that turn outward, and still others that stand erect At this 
time we do not know whether the* horns were found only on the 
males or whether they are the marks of distinct species 

Spare pemite the mention of only a few of the striking forms, for 
it is beyond the scope of the prerent article to describe all of the 
various kinds* 

That the homed dinosaurs were fighters and often engaged in com- 
bat is shown by the healed wmmds that are found in many stadia, 
broken horns, fractured and healed jaws, an J piarccd fH!Is / A ir 

of horn cores of rmwmtop* ut the National Museum bear witness to 
such nn enemm^r: that the n#t hom broken off in life is evi 
dent frem the fact that the stump has rounded over and healed while 
the size of die other shows the animal to have reached a good old a-T* 
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The frill ami horn ©ores of most of llicee animals were in life un¬ 
doubtedly invested in a close-fitting severing of horny skin, ns im¬ 
plied by the deep ramifying system of depressed channels on their 
outer surfaces for the transmission of blood vessels The character 
of this covering was probably like tbit found on the horns of the 
homed toads. i\& shown in plate G. figure nn right, where the right- 
hand spike of the central pair has its outer homy covering still in 
place. It will also be observed that this sheath slightly increases the 
length of that horn as: compared wiLh its fellow of the opposite side, 
ami it is presumed that the horn cores of the Cemtopsia would ho 
similarly lengthened. Professor Lull* has observed on a young 
specimen in the Yale Museum H a layer of black powdery substance, 
a half inch in thickness, doubtless the carbonized remains of the 
actual horn* surrounding the base of the horn-core. 

All of these animals were quadrupedal with short massive limbs, 
and broad elephantine feet that doubtless bad the toes tipped with 
hoofs, a short, rounded, but broad-barreled body, with a short neck 
that wns completely covered by the projecting frill of the skull* The 
tail for a dinosaur was comparatively short, though in life it prob¬ 
ably dragged upon the ground. 

The teeth form a single cutting row in each jaw, the lower closing 
inside the upper ao that the wear is on a vertical plane, and in the 
prtK'PKH of opening and closing the mouth they art like the opposing 
blades of a pair of shears, the teeth functioning as the cutting organs* 
Their structure and arrangement indicate that these animals fed on 
herbage, probably the stems* branches, leaves, a mL twigs of shrubs 
and trees. This food gathered up by the efficient mpphig beak, was 
passed buck to the teeth there tn he reduced into smaller bits and 
made suitable fnr reception into the stomach. 

The eyes were set in deep thick - rimmed sockets, which look directly 
outward, thus evidently limiting the forward range of vision, but 
a (fording ample protection tn these highly sensitive but nectary 
organs. It fa now known from the completely preserved skeleton 
of Monacl&niu# (see pL S) t (hat the eyeball was still further pro¬ 
tected by a ring of bony sclerotic pin Eos. 

Although having such immense heads the brain is smaller in pro¬ 
portion to it lb an in any known vertebrate animal, I 'ring but little 
larger than a man's fist. The small size of this oi^gan is graphically 
depicted in the accompanying illustration of a skull sectioned 
through the center of the brain cavity* (See pi- &+ lower figure*) 

The preservation of any tiling that pertains? to the soft anatomy 
of the homed dinosaurs was little expected, and yet within the 
past few years specimen* have been discovered having considerable 


iprot, $4 'tmlU] Intrdat 7jkI. Cufig . NiJin, ItJO", leiU, p, a. 
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nraos of the skin, ur rather impressions of the skin, preserved. 
These show that the epidemd covering was mnd& up of snail 
non imbricating seal es that form definite patterns. At present not 
enough of the skin impressions ure known to show how the patterns 
vary in the different genera, but m> doubt continued explorations 
will result in the gradual accumulation of that knowledge, and who 
can say that within a few years from now the different kinds of 
homed dmoseuits may not be rlitssilied by the patterns of their 
skin coverings The late Hr, L. M, Lambc was the firs*t to rcrogntza 
the impressions mentioned bus being of the skin, in a sped men railed 
Chasmmauru# belli in 1914. {See upper figure, ph 4) lie unite: 

Thr nnlunit nf thr iiilvguiiic>rit of PmtQnMtivmM [r/in^ifMfirmnfi] 

fjcFJt eoDBi-it of StnuOClt poly poriii I Furfaera, tuning In illaiarli r froiti at*till 
une-el^titii of an inch op to 1J 3ndae* r iucXIcttLve In the Uylntf jmLm&l of non* 
ImbrkflUaj; Bralew or plains UftiEip close to vich other, ami Inning £enenilEy 
lire or nix stdrs. The flutes tfrcou&ltrai are no! juserral hut they hare Im- 
prc^Sfid their 5?h«|H> In tlir umilhuiut- ftnohls i from uliitlL ujitnm] caa-tA hnw 
broil mtuJo hy the mrttrli replacing the plEtt-ra. * * * Thu impr^^ra of 

the plate? m far ns wn are mcietiy from tin- trunk region In the tiftlglibarfcpal 
of the itocotdur, wliens the IwTem** In Heerna to hr- from buknv npwimS, 
Other luipfetis'vuii frmu lower (fawn mi die kuly me of the j-mnH ittl^rrle? u^ 
1 Mironuy EiitJkiiticij: an absence here of the Inrgor of pin ire. 1 


A second specimen from the same fossil field on the lied Dei r 
Biver t Canada, und now in the American Museum of Nut mol History, 
New York, has an urea of the epidermal impressions overlying tin? 
lower end of the femur (thi^h Iwne) (see pb J T lower figure), mid 
Mr. tiaraum Brawn* cum idere them typical of the ^nusAIvtioelamu*, 
They consist of wall polygonal tubercles and largo tubercles, ull 
low and of tlie same height. 

Tha National Museum 1ms the distinction of having the only 
mounted shdetom of Trkeratopx (see pi. 8), the largest member of 
the Cerotopsiu, and also of Brachifcerabpt, the smallest horned dino¬ 
saur (see pL 8) that has as yet been discovered- Whereas the skeleton 
of TrUerotop* measures nearly 20 feet in length and stands 8 feet 
high at die hip*, the little Brachyeemtept is only ut>yut fij feet long 
and 27 indies high at the hips. The hitter represents one of the 
earliest of the nice, while TricerrOopt represents the latest or the 
culmination of this group before their final extermination. The 
skeletnus mentioned above are composite, that is, made up of the 
iiones of more than one individual, but in plate 2 is shown a skeleton 

of Monoctonkta m the Amen can Mnseom of Natural Hbtoty, New 
Y ork CKy, that is intermediate » wise, and complete in all details, 

f Thi- ftfUtt of Imprw+fam mhown En lh* npr^t Stfikr^ ..i.r I -- 

indivliltial ii lUmUm *!«**. bw i he** w*f* u&t ^ t , b - ** th * “=* 

writtatf tb R t lo Mr - Maib * thn time „z 

* Rel(I. AJset. 5faa. Nil. HUE, $t, 1017, p. 
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from m tip of the tail to the end of the noea, with most of the bom* 
articulated in potilioin It was lying on its Mi side with the pha- 
]tinges exposed and some of the bones were damaged, hut parte of 
fill tveie present. Part of the skeleton was surrounded by sandstone 
and ironstone matrix of such nature that much of the scientific value 
of the skeleton would have W.n sacrificed by extracting it for a free 
mount. Consequently, the skeleton has been worked out in. relief 
and mounted as a panel. This is probably the most perfect example 
of a Dinosaur skeleton that has ever t*een found. 

The evolution of the cerakq>siiin dinosaurs, so far as we know it, 
consisted in an increase in ske, the development and perfection of 
the bony frill, retrogression of the large nasal horn and reciprocal 
increase in length of those borne above the eyes, until in the latest 
types they have attained tremendous proportions, (t ornpare figures 
i and 3, plate. T.) 

Could the collectors of these specimens lie induced to tril of the 
privations endured, the difficulties encountered. and the obstacles 
overcome in h'- raring the remains of the-e huge- ivptilcs, it would 
form a most interesting chapter of North American vertebrate 
paleontology. 

The collection of dinosaur bones nearly always involve* much 
hard. back-breaking tabor, and specially the collection of the large 
skulls of the Ueratopsiu. This work ofttimes involves the tedious 
task of chiseling the specimen nut of the solid sandstone (see pL o p 
upper figure) ; the bandaging of the fossil in a plaster of paris 
jacket (see pb 5, lower figure) in order to keep the broken pieces of 
E>tme in their pi“o|>er places as well as to protect tPo specimen from 
damage while in transit to the museum laboratory. It also involves 
the handlings often by primitive methods, of these heavy masses of 
taint; arid rock; the lowering down from precipitous places in order to 
reach a level where they can be loaded on to wagons ^ and the building 
of roads tbrough the roughest of rough country, that they may bo 
gotten out of the bad lands and to the nearest railroad, sometimes 
us far he 150 miles away. 

The late J, B. Hatcher brought to light by far the greater number 
of the known Trkrnii&ps specimens, comprising some 40 or more 
skulls and partial skeletons, all from the now famous Lance Creek 
locality in eastern Wyoming* One large skull collected by him, in¬ 
closed In a concretionary mass of rock, when received at the lule 
Museum was found to weigh GJ50 pounds, and this great weight 
had to las transported by wagon for nearly miles through a country 
which at that time was practically roadless. 

Though many different kinds of horned dinosaurs have been dis¬ 
covered, it remained for the veteran collector of fossils Mr + Charles 
-25 
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1L Stern I* rg to find in the Fpper Cretaceous rocks of Alberta, 
Cimads, die most ornate head of one of these animals that has yet 
been brought to light. The skull of StyTatmuu w, as this specimen 
has been culled, is over 6 feet long, with u great horn above the center 
of the nose that is nearly 20 inches high and « inches in diameter at 
the base. Most striking, however, is the development of the six 
horn cores that radiate from the rim of the frill, ns shown in plate 
C, left-hand figure, a top view of the head, which at its widest part 
measures 4-1 feet ncixxss, The mune *S' tyrncogaurn* is in allusion to 
these spike! ike ho nix which must have made thus reptile a veritable 
moving chcvau se da [rise. 

Among the laity there is the mistaken notion that extinct animals 
and especially the dinosaurs have a corner on all that is unusual in 
sixe and peculiar in form, [q size, some of the extinct reptiles, as 
RTontoteoinix and Bruch ytauru *. were the largest hind animals the 
world has ever known, though in hulk probably none exceeded the 
present-day wbales. In tile matter of appearance it must be borne 
in mind that many of the striking peculiarities of the extilirt forms 
is enhanced by their great size, and that is especially true of Styra- 
coKcmtnt*. for when contrasted with the skull of the common horned 
toad {Phrtjnotowa), which by the way is not a toad at all. but a 
lizard, a startling resemblance is found in the hornlike decorations of 
their skulls. Though in size the Styrmcmimru* skull is 72 times as 
long ns the horned toad, when the latter is enlarged to the sumo size 
as the fossil it appears quite as bizarre ns the extinct reptile. (See 
pi. 6l) Again in the dwarf chameleon {Cham^Uo ouviu'i) from the 
Kamcnin of AfPica, a small living reptile possibly ft inches in 
length, wo find a resemblance to the large-headed Tricrratopg. j t has 
pot only a fairly perfect backward ly projecting frill, but three horns 
ns well, one on the nos- and a pair above the eyes, ns shown in the 
accompanying illustration, plute 7, (Compare figs. 1 and 2 ) 

The reratopsians made many attempts to perfect their skeletal 
organization m order to bring it into harmony with their changing 
surroundings, and it seem* n pity they should have W so suddenly 
exterminated, hut all things have their day, even the horned 
cliiiussiurp. 

EXPLANATION op platesl 
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Plit* 2, 
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American Museum of Natural History, Now fork Cliy* Tills is tho most per¬ 
fect ik^eton of u homed dlltftfattf tfwt has yet been dEfraYered* Ahrnit f 1 , natural 
sLm- After Brown. 

Plate 3, 

topers Horn cores of PfiMrofop# «lfjkM>r»|ji (Marsh), found hi the Denver 
formniion, Upper Cretaceous urnr Denver, Colorado* la 1SS7* Cat. No, 47KSL 
U. SL N.' M. About | natural slse. 

Iaswpf: Longitudinal Red Ion through u skull of Tricrraiop* to show tbe very 
small *3*e of the brain case, as Indicated by the white area near the center of 
Hie picture. Cat. No, J3740* C. S. N. M, 

Plate 4. 

Upper: Impressions of the skin overlying the hip bone and The upper r ri •rtlr'n 
of die ntih ulntefl thigh ham (femur} of the right aide. The lower part of the 
femur lies exposed to view m the left of tbe rule, Tho bona t* bo observed on 
the extreme loft of tho picture 1* the ischium, unv of tbe pelvic hone*. Photo- 
jrriiph ri'prcKtqced tkrmigh the courtesy of tl.c {U'ologkrtl Purvey of Omfldn. 
Photo by Ctwule* M- Siernlierg, 

Lower: Impnw^tonj? of the skin overlying the right femur of tL specimen of 
1/oaor/otifiEt la the American Museum of Natural HDtury, New York City* 
After Brown, 

Both of the above Rjuvlmons are from tho Belly Tllver formation, Uppor 
Cretaceous, pa exposed along ihe Jlrd Deer Uhvr t Alberta* Canada. A region 
now famous for the remarkable pMWvatlou of the dinosaur! an specimens 
found there. 

PlATE ft 

Upper: Skull of n JVf«rrtfop.» atosrti I'lnr-tlnlly chiseled out of a haodatnnf: 
rtffT In eristom Wyoming. photograph by Charles FI Sternberg. 

Lower: Skull of Trictm rap*. rammnl nod wwnthed In plnfitcr-ofeParfs 
bondages noti now renrly for hexing. QiLli*cti*d i>n IIeh ' ’recii. Montano, by Mr, 
Bn mum Bmwn. Photograph reprotlucefl tli rough the cmirfccey of tbe American 
Museum of Natural History. 

Piate *L 

A com pa rf won nf the skull of e homed dlno.^nr, Rtprawmiru* i' left) P and 
Hie skull nf n homed Torn! (right). Both viewed from above- Tbe Stprocuftounis 
skull mensurert 0 feet p the homed tnnd *knl1 I Inch In length* Photograph of 
tfrmeoHurtia after Lamhe. 

Plate T. 

Fui, 3.—Skull of Tnvertffoji* prvrw Marsh. Cat No. 2ib> tJ- >, N. M. About 

tV TiRturnl Mze. 

Fin- Ilmii of Chumtleo oircaii from South Africa. A living lizard that 
Ilhh n fairly perfect rr^: or fdU and throe horns, ponced precis^ *s In Trfcrnj- 
fej>*. Adapted frooi Mvtcfilf. After LulE. 

Fia. 3,—Sfcttll of AfofttH7JWa-r + one of the earliest known form* of the homed 
i]lnu£tMu!ia« Rliowlnjr the largo aponhign or friM’stra hi the frith the souill horns 
above the eye*, and the large forwardly hum. on the nuse, About ^ 

no tu ml stse. After Lnmhe. 

Plate S. 

Mounted Ekelelnufl of the larEeat and the emallesi (Brirrft^- 

rfnriopfl) known memljers of tbe liornetl dftioHaurln. sdiown now eihlbln-nl 
ip tbe United SinEdi National Museum. aIioul natural ^1?^. 
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Plate 3. 



HOftN-CORES OF JRICEHATOPS 1BS5QN* ATTICOHNIS i MAflSH). 
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Plate 4 



SKfcN |MFREsSIOH5 OF CHASWOSAL/fiuS. 



Skin iwpa-e^ions of IVIohoclohius. 
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Plate 5. 



SKULL Of Tfe^ERAT 0P3 IN SANDSTONE GLIPfr WrOMlMCL 



Skull of Tpicepatops. Excavated and Beady tor Shipment. Montana. 

















Skuul of Horned Dinosaur. Skull of Horned Toad. 
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SKULL OF TPLCERATQPS. 



Head of ChamElEo. 



Skull, or MftMOfcL.mmifl. 
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Mounted Skeletons of Tm curators and Brack veer atopis. 















RHYTHM IN NATURE/ 


By F. W. Ft jtrrELLy r 

Gmlor Atitxlant in FnlrKpr^^, -tfrertfreft. 


That so many phenomena in nature should he of a recurrent or 
periodic type b not surprising when we consider that the earth on 
which wo lire forms part of a rhythmic universe, from the bio¬ 
logical point of view, however—and it i±> with the biological aspects 
of rhythm that the writer is concerned—t&ese phenomena, though 
possibly all of the same nature fundamentally, must, for practical 
purposes- be regarded as of two distinct kinds. 

We have, in the first place, the numerous cases of periodic behavior 
in response to, or imposed by, external factors of a cosmic nature, 
such us the uitcrnariou of night and day, the regular and ever-recur¬ 
ring sequence of the ^usons, the ebb ami flow of the tides, and so on. 
Hero tins mainspring of the rhythm is obviously external. In con¬ 
trast to this* however, are the eases ul the second type in which the 
rhythm is not dependent on the environment, but is of an intrinsic 
or vital nature, and corresponds to something inherent in the or¬ 
ganism. 

The periodicities of this latter typo may all be regarded as identical 
except as regards the time factor. They are of the nature of &*js 
eyehs w 

In temperate countries* where the difference between the seasons is 
very marked, the periodical phenomena of plants and animals take 
place at about the same time in tdi speeies* With us, in consequence, 
the seasons have come Lo lypi fy the chief stages in the life cycle of 
plants and animals. Notwithstanding this, the phenomenon of tin 
age cycle must be regarded as something intrinsic in the organism 
and not merely as the result of environment, the synchronizing of the 
stages of the age cycle with the seasons being of a secondary nature. 
4 Mn Europe,” nays Bates.- **a woodland scene has its spring, its sum¬ 
mer. its autumnal aspects. In the equatorial forests the aspect is the 
same or nearly sc every day in the year \ budding, flowering, fruit¬ 
ing, and leaf-shedding are always going on in one species or other, 

1 llppriatrd bj ^s«ih1pI&b frum Sctoirc^ rrtffreii, wl- H F Sd 5 Ell, JmiMrj, 1SCO. 

H. TV,, Ttar Xiturtllst on fb* Amman** 
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The activity of birds and insects proceeds without interruption, each 
species having its own separate tins?; tlie colonies of wasps, for in' 
stance, do not die off annually, leaving only the queens, as in cold 
climates; but the succession of generations und colonies goes on in¬ 
cessantly. It is never either spring, summer, or autumn, but each day 
is a combination of alt three." 

The age cycle, with its sequence of birth, growth, maturity, decay, 
and death, is the most typical and most inevitable phenomenon in 
nature. It is not only the normal sequence in the organism as u 
whole, but the phenomena of senescence and rejuvenescence ore con¬ 
tinually being repeated tciikin the organism. These internal peri¬ 
odic ities are of essentially the same character us the age cycle of the 
organism, except us regards the time factor. “In cells , 11 says Child , 1 
14 where function is accompanied by extensive accumulation and dis¬ 
charge of substances, such, for example, as the gland cells, storage 
cells, etc., the cycles of activity and morphological change are 
essentially age cycles—that is to say, the period of loading of the 
cell is a period of decreasing metabolic activity, of senescence, and 
the period of discharge one of increasing activity, of rejuvenescence, 
which makes possible a repetition of the cycle.” In the pancreas 
of the toad, for example, the celLs when Teady to secrete, are loaded 
with granules, and in this condition are only very slightly active 
metal Kill cally. As the cell secretion is discharged, the granules 
gradually disappear to a point when they arc practically altsent. 
In this condition, the cell is again capable of a high rate of meta¬ 
bolic activity: if nutrition is present, the proce® of loading occurs 
once more. This cycle of changes, which may occur within a few 
hours, and which may l>e repeated within a single cell, Child be¬ 
lieves, is not fundamentally different from the age cycle of or¬ 
ganisms. It exhibits all the essential features, up to a certain point, 
of senescence and rejuvenescence. The cell undergoes changes simi¬ 
lar to those of the age cycle, though their period is short. At the 
same time, us Child says, the gland cell may be undergoing senes¬ 
cence in the stricter senso—that is to say, changes in the more 
stable framework of the protoplasm may be occurring which are not 
wholly compensated by the functional cycle. 

According to Benjamin Moore,* the living cell may be regarded, 
from the pli\ i< n-< hem hid point of view, as a peculiar energy 
transformer: Chemical energy in the living cell being converted by 
the colloidal structure into biotic energy, this tatter being convertible 
into mechanical energy, electrical energy, heat energy, or chemical 
energy. Lthc all energy transformers, living cell* have their phasic 


• CWM. c. M ^ n, r™"“ d »W''"««•»«. ciitiKfo r™* m.s “ 
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periods or revolution Lime in wMeb they pass through a cycle or 
oscillation* the period varying from one type of cell to another. 

The contraction of the heart is an example of a vital rhythm which 
can escape nobody. The series of movements taking place m the 
heart during one complete beat constitute? what is known as a 
“cardiac cycled This, again, is essentially an age cycle* although 
the rapid recovery after fatigue tends to obscure its real nature* 
Disregarding the immediate causes underlying the repetition of the 
cycle, the point to notice is that rhythm Ls associated with efficiency. 
The rhythmic method represents the best means of accomplishing a 
purpose, and may, in fact, be regarded as an evolutionary goal 
toward which all life processes are tending. To take a concrete ex¬ 
ample: Tt is certain that the circulation in vertebrates is both a more 
orderly and a more efficient process than the flow of blood in an 
animal, let us say, like an earthworm. The correctness of this view 
of coupling rhythm with efficiency b supported by the phenomenon 
of the disordered and a rh ythmical action of the heart and lungs in 
disease. The loud u bourdon 1 ' of the engines at n power station 
conveys a most distinctly rhythmic impression, and a practiced ear 
can readily detect the smallest of functional troubles by the modifi¬ 
cation of the normal rhythmic note, 

We now turn to cases of periodicity nf the external type* 

It b well known that not a few diseases* particularly those like 
malaria, produce markedly periodic symptoms. It 13 an interesting 
fact, however, that not only does the malarial parasite itself show 
regular development cycks within the organism, but the mosquito, 
the carrier of the parasite, is markedly periodic in its habits. Some 
interesting observations have been made on the flight of the mosquito 
in the course of the construction of the Paimtaa CnrtaL E datum 
about 7 miles south of Colon, is one of the largest settlements in 
the Canal Zone. Between January and March, 1613* more mosquitoes 
were found there than in any settlement since the beginning of work 
on the canal. The weekly catch of Antirphtlen was from 7,0*50 to 
1 * 0 , 000 . Just In the south of Gatttn is 11 lake which seemed a likely 
breeding ground for mosquitoes, but it was soon found that they did 
not have their origin here- To the west of Gatirn* across a part of 
ihe old French ran ah there was? some flat land into which sea water 
smd mud from the American canal were being pumped. This land 
was so located that, to reach the settlement, adult mosquitoes would 
have to fly from half a mile to a mile across, or at right angles to, 
the stiff breezes which prevail at datum It was event tially discovered 
“ that a regular purposive flight of mosquitoes toward the town took 

• Ih* r*lee*. j, A« and OrmteJo, A. JV, M&Miufcto Ctotitrunl la PrtnsEDft. IjDuAqs, l^nara. 
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place in the evenings before nightfall from C.30 to 7 p. m. After 
dark the flight was reduced to practically inching. During the 
period of flight, the observers were bitten continuously. After the 
flight ceased, the observers were bitten only once or twice in an hoars 
time. A return flight began at (i a. in. mid took place with extraordi¬ 
nary rapidity. As daylight became stronger, the speed of Lhe return¬ 
ing . I uophel-e# increased. The termination of both forward and re¬ 
turn flights was remarkably abrupt. One observer said the flight 
stopped with almost mechanical precision when there was too much 
daylight or too much darkness.” 

TVilley* records an interesting example of periodic habit occurring 
among crows and so-called “flying foxes” (really fruit-eating bats) 
on the coast of Ceylon. At one place, a small lighthouse islet off tha 
coast of Ceylon, they congregate in the palm trees alternately by 
night and bv day. “At sundown,” says Willey, “ the passage of im¬ 
mense flocks of crows and flying Foxes in opposite directions across 
the stniit which divides the island from the mainland can bg wit¬ 
nessed, tin* funner bound for lhe island to rest fur the night, the 
lat ter speeding their way to the mainland intent upon their nocturnal 
forage. * * * The reverse passage—na raely, the matutinal 

flight—takes place toward sunrise, the bats returning from the main¬ 
land to rest for the day suspended in rows from the midribs of the 
pajm leaves, the crows crossing over on their daily quest for gar¬ 
bage ” As a result of these markedly periodic habits, the two classes 
of animals arc aide to make their homes in the some trees without 
in the slightest degree interfering with each other. 


The effect of external periodicities on the organism and its behavior 
is nowhere better seen than on the seashore. The ease of C mi valuta 
rescoff t nftit Is perhaps Hk* familiar to need much description, ( \in- 
voluta rmcuffi iwi* is a minute, elongated dal worm covered with 
cilia, and containing green algal cells living with it symbiotically, 
Ils hn bit at is a narrow strip of sand}- beach on the coasts of Nor¬ 
mandy and Brittany situated at the level reached by high water ut 
the slackest o£ neap-tides. Though of very email urn, the worms 
occur in such enormous number? as to form at low tide great patches 
of green scum. As the tide laps the edges of the colony the green 
patches disappear, the worms remaining beneath the surface till the 
next ebb tide. i wh e during 2+ hours the ?one occupied bv the colo¬ 
nies is submerged and the animal* live in darkness underground 
and twice the wmr «s uncovered and the animals rise to the surface! 
The burrowing ^action is due to the necessity of avoiding entonai- 
nattoQ by wave-shock, the upward movement is determined bv the 
presence of the algal ce lls and their light requirements. The%gg- 
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laying of Com'uivUi nwnofftwii* * is also periodic, and is related in a 
remarkable way to tlie rhythm of the tides. Egg-lnying begins with 
the onset of the spring tides and continues for a week. The reason 
for this is as follows: lit tlie summer, the time of year when these 
observations were made, the low*water of spring tides ut Kosooff 
occurs about midday and midnight, 1 When, however, the zone occu¬ 
pied by the Cuuvolutas is uncovered during the nighttime, the ani¬ 
mals in the absence of light do not rise to the surface. Hence, during 
the spring tides, the worm has an uninterrupted period of some 18 
hours in which to lay its eggs- Experiments in the laboratory have 
diown that egg-laying reaches its mux ini uni when the animals are 
not obliged to come to the surface twice in 2-i hours-—that is to say, 
when they can have the longest possible spell of darkness; in other 
words, tlie conditions most favorable to egg-laying occur when the 
moon is full or new—* remarkable example of the effect of the tides 
on the habits of shore animals. 

Shore animals like the common periwinkle, for instance, art: sub¬ 
mitted to a double periodic influence—the rhythmic ebb and flow of 
the sea and the alternation of day and night.’ The existence of peri¬ 
winkles comprises regularly alte rn a tin g periods of active life in the 
vjiut or moist air (ut high tides) and periods of suspended anima¬ 
tion within their shells. This constant reaction to the tidal rhythm 
is not without a profound influence on the functions of the organism. 
For instance, inert periwinkles, even in a dry environment, can be 
reactivated by shaking; but, according to Bohn, the reactivation 
occurs much more readily at certain times and hours. Bohn 11 states 
that if ii collection of these moJlasks has been isolated for a certain 
length of time in a laboratory, it is easily demonstrated that, at 
periods of low tide, one has to shake much longer to produce the reac¬ 
tivation than when the tide is high. That is to say, the periods of 
ineiiia in the laboratory correspond to the periods of desiccation on 
riie shore. 

Tlie impress of the external rhythm on the organism is. of course, 
not permanent, hut becomes gradually weaker with the passage 
time. Numerous similar eases occur, l»th in plants and animals, but 
the above are sufficient for our purpose. 

It is common knowledge that in many animals the color is not 
fixed, but varies according to the hue of their surroundings. This 
power of color change has been investigated most minutely in tho 
rase of the ,-Esop prawn {Bippotytt variant ) ,* The color of this 

f Kwl.lf, F„ Plant -Mil mil. Caalitidn. Cnlrinltj Fnw, lOjn, 
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crustacean is extremely vtmubk* the change in tuloriitiori lieing 
brought iibeilit by the expansion or contraction of masses of pigment. 
T he cells in which the pigment is situated @re very irregular in forxu T 
with branched process,. On appropruiLa stimulation, the pigment 
flows out along these branching spaces in mch a way that what was 
a mere pin point of pigment boetames spread out over a wide surface. 
J he result is u change in coloration* The iE$op prawn owes its 
color to three pigments—red* yd low, and bine. In the daytime the 
many dimigea of color in response to varying surroundings are due 
entirely to the red and yellow pigments At nightfall the color of 
Hip poly te, whatever it may happen to be at the time, changes to u 
transparent azure blue, this blue color being replaced at daybreak 
by the prawn’s diurnal tin L The JEkop prawn thus exhibits rhythmic 
color change corresponding to the transition from light to darkness 
and vice versa, 

Sl> far the cases we have been considering of rhythmical behavior 
arc nit of a clear-cut and simple kind T being directly due to the 
succession of the seasons* the regular alternation of night and day* 
tlic ebb and flow of the tides, etc.; moreover, the nature of these 
latter phenomena k also well understood* On the other bund* the 
causes underlying the now welbestablishcd cyclical changes of elk 
mate are not only themselves decidedly more complex* but there k 
still a great deal to be learned about their effects in relation both to 
animnls and mankind. 

The first type of climatic change and the best known is that of the 
glacial period. It is now known that the glacial period was not a 
continuous period of intense cold, but was punctuated by epochs in 
which the weather was much warmer, and when the retreat of the 
Ice sheet allowed many unimak and plants to regain, temporarily at 
:mv r.kte, the ground they hail ln?en obliged to cede, These fluctua¬ 
tions of climate are believed to have affected the whole world simub 
tanwt^ly. and ii is certain that the whole of the Northern Hemi- 
sphere was affected. 


Tlie second type of climatic change k less familiar, having 1mm 
Ottlv ret*Mly established. Briicloier, Clotiph, and others consider 
d.at the whole world [josses through a climatic cvclc once in event 

® 3' enrsL . Al f* ^ of ** tho climate of continental regions 
for a period of yea ra IS unusually cold and wet. with ndativelv fit*. 

I l wmt stt>rm *' at the <* h ** lh « climate is warmer and drier, with hifrh 
barometric prnaure and few sterna The extremes of low tempera, 
tare are ascribed, somewhat paradoxically it may seem, to periods of 
maximum solar activity flS shown by the number of sun spots and the 
rapidity with which they are formed. 

Tbe Swedish Mtt^ t d ler P ete ^ has publishod data show¬ 
ing the importance of these climatic cycles to the study of hydro- 
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graphy, and thonce to die study of fish migrations. t# Increased 
so Jar activity results itv oceanic circulation being more intense. .Vs a 
result of Ibis, tlic Baltic, the water of whieb is normally distinctly 
brackish, receives a greater quantity of salt water from the Atlantic. 
Owing to the increased oceanic circulation outside, large quantities 
of water are pumped into the Baltic through the narrow neck between 
the Skagerrak and the Kattegat. As a result of the increased salinity 
of the Baltic, the herring shoals are enabled to extend their migra¬ 
tions to this sea, wliich is normnlly closed to them owing to their 
intolerance of water with a low-suit content. The limes of the ap^ 
pea ranee of herring in the Baltic thus correspond to the periods of 
increased solar activity; in other words, the appearance of herring 
in the Baltic is a regularly periodic phenomenon. 

A recent American expedition to Turkestan has brought to light 
regular cycles of wet and dry climate in this region. 11 One of the 
most convincing pieces of evidence of these climatic cycles is fur¬ 
nished by the changes of level which ran be traced in the waters of 
the Lop Xnr Basin, n huge inclosed area about three times as large 
as the British Isles, situated in the heart of the Asiatic Continent. 
The periods of drought result in periods of famine which cause the 
nomadic races, which live on lands too dry for agriculture, to mi¬ 
grate and so come into conflict with the peoples of more favored 
regions. The wave so started, sav in the center of Asia, propagates 
itself in ever-widening ripples, the most remote of which may even 
be the cause of a commercial crisis n* fur away as the United States. 
Anyone who ties lived foe n few years in southern Italy can not fail 
to marvel how the old Homans could ever have achieved -ui much if 
the climatic conditions were as enervating as they are now, "But 
evidence is forthcoming to show that such was not the case. 

The historian* Gibbon/ 3 mentions two remarkable facts which 
tend to show that the climate of Europe in Homan imperial times 
was much colder than it is now. The Rhine and the Danube were 
frequently frozen over and capable of supporting the most enor¬ 
mous weights, a thing unparalleled in modern times. In the time 
of Ctosar, the reindeer, now con fined to the area around the poleo, 
was a native of the Hercynian Forest winch then covered a great 
part of Germany and Poland. To quote Mr, Huntington: 

AnaftrFnth the elJmate nf the earth Eg subject to pulHatlbUi^ nf very dtrerse 
Fl^srm-s nsC In tensity ninl nf varying Imgth. Tlie gfodal iM-rJoHl ns a wliutn re]v 
resent* ihv I^rgum lyr*' »f pakatluu* upon It are wiper^H?! the grunt pui- 
AtMLlun-R known as glneicU epoch*, each with n length meamireil prrjhflblj la fens 
of thousands of years; their stcetfy jirogrefia la hi lum Interrupted by aatalkr 

»P*«ti™on d Otto, TVr FtalifTfeOtr,, III* Sr 7. S, LI, ftimtrtii^ U>U. 
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'-'hdfill’s i'll rlltiiBtr such ns tiiun 1 of which erltlajct Iuih hocit firtim) daring 
historic times in tvfttfvl Asia; oml, diuilljr, tilt dlDute of the world pulsate.* 
In cycles of 30 yours. 

In spite of the undoubted influence of climate. it would swim (but 
the growth and decay of successive civilizations is in great part a 
biological phenomenon analogous to the age cycles referred to 
above, although the matter is evidently far too complex to allow one 
to generalize with safety. 

According to Prof. Flinders Petrie, 15 as quoted by Spurrell, 1 * 
‘'there have been eight distinct periods of civilization in Europe, 
from the earliest dawn of civilization in Egypt, the duration of each 
period tending to be longer than its predecessor; and the intervals 
arc marked by an inrush of barbarian races and an interlude of 
destruction and admixture of blood," Professor Petrie founds his 
analysts of civilization on sculpture, on the grounds: that sculpture 
is available over so long a period and is so easily presented to the 
mintL In the sculpture of every period can be seen the same se¬ 
quence <jf growth and decay. The archaic stage, in spite of crudity, 
is invariably marked by boldness and vigor. Next, the treatment 
lusts its archaic character and becomes more free, the details being 
more skillfully subordinated to the whole. From this point the 
period of highest achievement is soon reached; all traces of archa¬ 
ism have disappeared, inspiration is still powerful, and workman- 
chip wdl-nigb sometimes entirely, perfect After this the treat¬ 
ment tends to become over-elaborate, the inspiration is lust, and ti 
period of unintelligent copying ensues, followe,] by one of degra¬ 
dation and ultimate deray. 

Civilization is an intermittent phenomenon, its growth and fall 
being comparable to summer and winter in nature. Professor Petrie 
allow- how this analogy wns familiar to the ancients under the guire 
of the “great year" the Etruscans speaking of the great year as 
the period of each race of men that should arise in succession. Ha 
makes the following quotahon from Plutarch Life of Sulk, which 

refer* to the close of the Linens’ own period of 1.100 year* in 
ST li* U? 
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oim* to those who intended to tlicw thinp*, ami wen? versed in them tint a 
different sort of twin wus con* inti, the world, with other manner* n'ud ciis- 
tr-m-H. nod more or tree the rure of the **1* than those who hm| ponded 

Uuhu. • ■ • Sticli wm the mythoIoKjr 0 f Hie moat learned and resr^tahle 

Of ilie Tuacnn smulisiijen 


From the foregoing examples it becomes evident thnt life, in its 
mnift aspects, is essentially a rhythmic phenomenon. The essence of 
rhythm being order, it seems, indeed, inevitable thnt, with the prog, 
ress of time, all biological phenomena of importance, whether con- 
earned ^ inn^r functioning 0 f the organism or with its be- 
huvior m relation to the autdde Tvorlih should tend to become in- 
crmqiuglj rhythmic in character. 

Finally, it should I* evident that the sense nf rhythm, which forms 
so large * part of the pleasure conveyed by all the higher forms of 
art, results fmm the successful expression by man of his appreciation 
of the order und measured flow so chnractcrislic of his own nature 
and of the world about him. 




PARASITISM AND SYMBIOSIS IN THEIR RELA¬ 
TION TO THE PROBLEM OP EVOLUTION , 1 


Ur Maurice Caitluoy. 

[Tnuiwiatcd, with permission, l»y <Jerrir S. Miller, jr.. from Jtevge StfcntlfltiiiG, 

1010 , pjt. 737 - 745 .] 


Everyone is now dearly aware of the critical phase that the problem 
uf trsnafbnni&m is patting through, u phase which F. 1 b Dantcc 
called attention to in 19*9 in the title of one of his books: Iji Crisp da 
Transformitime. This crisis, although very real, is certainly nothing 
more than a crisis of growth. For my part I shall not try to meet it, 
as Le Dilutee does, by the itllirmutiou of an uncompromising La¬ 
marckism. And I shall recognize flint Lamarckism ami Darwinism, 
the great partially seen solutions of the problem, in which more than a 
generation of naturalists had faith, are now insufficient, at least in 
their orthodox form. All nature forces upon our minds, a nd the more 
strongly the better it becomes known, the conviction that organisms 
have evolved, that they have passed through many stages in order to 
become the sp«ci«i of which we find the fossil remains or which are 
now living before our eyes. But it must l w recognized that we do not 
know at present what have been the essential factors of tfiis evolution. 
Ail attempts thu^ far made to prove in an exact manner by the experi¬ 
mental method the real transformational power of natural selection 
or of the inheritance of acquired characters have led to nothing but 
1 ery meager results. And in presence of these results the experimental 
study of heredity and variation, pursued so actively and so fruitfully 
since the beginning of the twentieth century, leads, at least tentatively, 
n conclusions which do not harmonize very well with Darwinism and 
jimnrc Vqn. ^ t is true that they themselves lead, at least in their 
mast extreme form, to strange paradoxes such as Bateson brought fur- 
"art in 1914. (Presidential address. British Association for the Ad¬ 
vancement of Science. Australian meeting, 1014.) It Is also true that 
the hypotheses best established in science, snch u universal gravita- 
tion +»r t he principles of electromagnetism, finally encounter in our 
irnml* miricnNtcs which temporarily hold us in check. 
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But as regards organisms. the conformity of their structure to the 
conditions under which they li ve, their adaptation in other words, a 
fud. everywhere seen in nalure and forcibly oppressed by the structure 
of organized beings, can not l)e explained* with the fine simplicity 
which Lamarckmuigincd, by the direct action of the ambient medium 
in modeling the organism, precisely because of the organising own 
activity, It seems rather that the organism when it varies reacts, in it 
manner which is peculiar to it and which results from its constitution, 
to the mod varied factors which can attract it, and that it passes, either 
continuously or discontmaouidy, through a series of forms tending 
toward a fixed limit, Eimer has expressed this by the word “ onho- 
gmmhj 7 and the idea b taking n larger anti larger place in biology, 
Thu-- a branch of ungulate sprung from some ancestor analogous to 
Photw&odwi has terminated in the horses; thus from Ptt2twQjna#k*d$t * 
hm gradually come the elephant type. At present we have more and 
more numerous examples of series of this kind. The environment 
could at most have had only an indirect action on this unfolding pro¬ 
cess, which is the essence of evolution, hurrying it or retarding it s or 
perhaps accoEuplishing a certain amount of elimination- 

Vinter the influence of these conceptions we see reappearing, among 
biologists who are firm supporter* of evolution, conceptions that are 
related to those w hich were brought up in opposition to Darwinism at 
it* origin- Thus Mr. D r Egsa has recently published, under the title 
^IToIogenesis" (Ologmoai, Nuova teoria delT Evoluzionc, etc., 
Florence, 1917 )* a theory in which he practically returns to ideas 
nearly related to those of Xaegelt 1 and in which he attributes the 
whole of evolution to the piny of internal factors of the constitution 
of organisms. 

If adaptation is not necessarily a direct nnd normal effect of the 
action of the environment on organisms^ we are led to conclude that 
it results secondarily from the choice on the part of organisms of a 
mode of lift which is appropriate to their preexisting constitution. 
This Is called by Mr. Cu^not premia ptatiun, The idea, however, m 
not new, Darwin had difficulty In imtkrstanding how selection had 
I seen able to bring about the perfection of the tongue of the wood¬ 
peckers, so marvelously adapted to marching for insects in the bark 
of trw& But Buffon, one of the precursors of the transformist 
ideas, when describing the habits of these birds* concluded, as Bate¬ 
son reminds aa: “Such is the narrow and rude instinct of a bird 
limited to n life of hardship and difficulty. It has received from 
nature organs and Instruments appropriate to this destiny, or rather 
it bos tide very dertmy on account of the organs that it is bom 
with ' 7 Here the organ would create the function inversely to the 
lamarckian aphorism. 
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But even if this explanation would fit certain cases, ns might be 
suggested by present experimental research on heredity, we hesitate 
to admit its general applicability, in view of the mass of adaptive 
arrangements which exist in nature, and especially in view of Lhe 
graduated series presented by these arrangements. Can a harmony 
so exactly coordinated with the environment exist unless the environ¬ 
ment has had something to do with bringing it about! Can such a 
general fact be due to n mere series of coincidences between environ¬ 
ment on the one hand and on the other the special constitution of 
organisms as well as the necessary laws of their transformations; 
setting aside naturally all teleological and creationistic ideas? 

Wn hesitate still more, lieeuuse we see that the reaction of the 
individual to the environment is in large measure adaptive; the trans¬ 
formations of the plant passing from the plain to the mountain, or, 
inversely, are proof of it. But these modifications do not show 
themselves to be hered(nry. Perhaps the solution of the difficulty 
lies in the general indications which paleontology give us. The 
different types have not varied in time in a uniform and permanent 
manner. Each seems to have had its period of variability. At this 
period were the hereditary variations really independent of tho 
environment, as we see them to-day in organisms which are per¬ 
haps in a phase of stability, or, on the contrary, was individual 
adaptive reaction inherited? 

However this may be, the problem of adaptation remains funda¬ 
mental. Parasitism offers on excellent field for its study, while at 
the same time it raises the whole question of evolution in all its di¬ 
versity. Moreover, its aspect is not merely morphological; it ii at 
the same time a problem of n physiological order. 

From the physiological point of view, parasitism raises a series 
of questions which have the greatest interest to genera! biology. 

In the first place, it is an excellent field for tho study, under par¬ 
ticularly well-defined conditions, of the reciprocal influences of or¬ 
ganisms. All organisms are dependent on each other. Among them 
there exists a vital competition in the broad semw, n phenomenon 
of primary importance the demonstration of which is one of Darwin T s 
greatest titles to renown. But here, the bond between parasite and 
host is a definite one, and tho reciprocal action of the two antago¬ 
nists is dearly limited. A definition of parasitism is again needed. 
An organism is a parasite of another when it lives directly at the 
expense of that other, feeding on its substance or utilizing the activi¬ 
ties of the other's organs to obtain its own subsistence and accom¬ 
plish its life cycle. Except the plants, which directly assimilate the 
carbon of the atmosphere or the nitrogen and the mineral constitu¬ 
ents of the soil, all organisms subsist at the expense of others, and 
42BQ3’—22-26 
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it might apparently be said that they are nil parasites, But under 
habitual conditions an animal kills and devours its prey; does away 
with it, in fact. This kind of life is called ** predatism,” and it is 
properly distinguished from parasitism. The parasite, contrary to 
the predator, feeds on the organism at whose expense it lives, hut 
without destroying it; it exploits its victim methodically, so to speak, 
by deflecting in its own favor a part of the victim’s energy, thus 
ceasing the victim more or less harm and exercising an influence 
which is more or less pathogenic but which is so met imps perfectly 
tolerated. 

Between predatism and parasitism there will be found in nature 
a continuous series of intermediates. Sometimes, also, two Wings 
are associated in a relationship of dependence which is to a certain 
degree tin exploitation of one by the other, without there lasing, how¬ 
ever, any direct borrowing. This is the condition in commensalism. 
NcrettepOfi fveatu-, a polyeheta annelid whidtfs always found at the 
upex of gastropod shells (such as Succiniiin) inhabited by licrmil 
rnihs {P/iffunu! hernhartfat #}, profits by the current of writer which 
illiB creb produce® and, moreover, robs the i-rab, when eating,of some of 
its food. The annelid is not parasitic, it is commensal. But i f many of 
these associations can be easily labeled ns commensalism. the limits 
between this category and those of parasitism are difiiruit to draw. 
Certain creatures, -m b ns many infusorians, like the Ureedarians. 
the Trkhodi mans and the Vort ice line make their homes, and neces¬ 
sarily, on other animats; they ore epi 2 Curf/j:m ‘ still fomtiu , a’iii!s ) bor¬ 
rowing directly From the animal which carries them locomotion and 
often the conditions of uw.it inn and renewal of water assured by 
the functioning of llie hitter’s gills. Thus there u nn real boundary 
between ennimcnsnlism and parasitism. 

Ono Of the characters of parasitism is the fixity and necessity of 
the relations between host and parasite. A true parasite can not 
P> through its life cycle without the aid of its host: and lives at its 
expense. The-* associations are therefore fixed and more or Jess 
intimate in degree. But it is not always easy to say of stirh nn 
assweifttmn that it exists to the detriment of one of the partners; 
there tire well-defined cases in which it can be demonstrated flint for 
troth there is n physiologic! advantage and a.metimes a nreessitv in 
carrying out the portnerehip. Tims are fanned complexes of two 
organi'ip*? for mutual Irenefii and close reciprocal interdependent 
they are designated under the name of “symbiosis n In the two 
kingdoms there are now known a fair number of well-defined msf - 
There «i« h„.,w. .11 tr.rations Issding trem piresitha 
symbiosiR >« exact lino t^iw^n them can be drawn. And here mir 
subject touches on a mailer of immediate interest. The publication 
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n few months ago, by Hr. P. Portier of his book Les Symbiaim has 
once more brought this question to Attention. While not stating it 
ill a really new manner, but rather by bringing forward hitherto 
expressed ideas in new assodations, Mr. Portier has wished to show 
in his book that symbiosis is a widespread phenomenon* one of the 
fundamental buses of the life of cellular organ isms. The cell* indeed, 
univetsfdly regarded by biologists at present as the fundamental and 
indivisible unity, would be, according to this view, a symbiotic asso¬ 
ciation; the cell strictly speaking, such as we conceive it, would be 
by itself unable to subsist, if, in its interior, it did not contain sym¬ 
bionts bacteria having the power of direct assimilation, a power 
which they use for the good of the cell as well as of themselves* And 
Mr* Portier believes he has recognized these symbiotic bacteria or 
bactenDids in the orffarUt&s studied in histology under the name of 
mitochondria* There v^ultl thus he two classes of beings: The bac¬ 
teria, sufficient to themselves, autotrophs* according to Mr. Portieres 
expressive terminology; and eel hilar organisms, assimilating through 
the intermediary of the symbiotic bacteria, hMer&trvphes in the same 
terminology, Without going further wo can see the capital impor¬ 
tance of Midi conception* It would bring about* us its early partisans 
said, a renovation of the fundamental concepts of biology romp a ruble 
in importance to the revolution due to the ideas of Pasteur. But 
however dear and suggestive this conception mrsy be. it lins no value 
except in the event that the facts verify it; it must be seen in what 
measure Mr* Portier has justified the affirmation which he has made 
in a decisive form. This will l*e one of the questions which, later in 
our course, we shall examine at ntir leisure; making allowance for 
the discussion which T shall arouse, I do not hesitate now to declare 
formally that in my opinion the proof is in no way furnished by 
the author, and that, on the contrary, his argument can be met by 
objections of fundamental importance* I declare this without hesi¬ 
tation, but I recognise that I shall have the burden of proving what 
I assert* 

From the physiological point of view the study of parasitism 
touches on numerous other questions* For a parasite there is al ways a 
mom or less definite relation to a particular host* a relationship which 
sometimes becomes exclusive* Thus Gomspora Irngwimu, a gngir- 
ine which Mr, Mramil and I have studied, 1 is always present and 
abundant in one of the forms of Dodecamria emchamn^ the form 
which we have designated as B; it is never found in form A; and 
yet these two forms represent a single species of annelid, or two 
species which are very nearly related. Many given species of eutomo- 

* Cfcttllety cl Mcintt furmca *plfrQt»i <rt Fftroluttoa in drmtiilteiiii* Amt. FbIt., 
hymi, luc- 1643. 
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pbagus hymenoptera deposit their eggs in only one definitely deter¬ 
mined kind of insect, f lined asserted with great plausibility. it seems, 
that each of the species of epienrid iso pods definitely parasitises only 
one species of crustacean, and that two similar parasites fotmd on 
related species are actually distinct, even when, morphologically, wo 
are unable to discover definite differences of structure or form. The 
parasitic copepod which Mr. Mtstiil and I bare just l*een study¬ 
ing* under the name Xenocc?li>»ui brvmpti b found on only one 
species* of Polt/citrm {P, awnivunts) and not on the related species 
which are found on die coast, such as /'. calfcndrum, or P t haemolodes, 
Whiit is the tnci'lmnism of tbb definite relationship f In those cases, 
os in the insects, where the penetration of the parasite into die host 
is active, how does the parasite find its host in the immensity of nature 
and how does it distinguish this host from related species? Is it by 
some troptsm as J. Loeb supposes, by some olfactory sensation, for 
instance? In the case of the passive ingest Ai of spores, us with the 
greguriftfi mentioned above, where the two forms of Dodscacerut 
which live side by side certainly ingest thp sutne pporocysts, why does 
infection take place in form B only ? And this b related to the" other 
question: How is it that internal parasites, sometimes in the diges¬ 
tive tube, sometimes in the deep-seated organs or the body cavity, 
are able to subsist in their host, possessing immunity to its Quids 
and phagocytes which digest or destroy the foreign bodies or organ¬ 
isms which succeed in finding their way there i We are hero faced 
by the whole problem of immunity. 

How ts it that the parasite applies its action to its host, an action 
which is very definite as regards certain organs? Thus in numerous 
instances the parasite, at a distance, through alteration in the meta¬ 
bolism of its host destroys the genital glands of the latter, producing 
parasitic castration. And having produced this result the parasite 
furthermore induces morphological changes, especially in the sec- 
ondarv sexual characters. It » a remarkable fact that the trans- 
formations brought al*out by parasitism someLimes occur in groups 
such os the arthropods in which experimental castration, no matter 
how early, has never yet succeeded in producing anv change in these 
rexital characters. And yet Sacndhw which in feels the crab more 
or less late m Hfe often profoundly modifies the secondary sexual 
characters of be crabs abdomen and abdominal appendages. G 

oml'v eXtwHW ftnJ illustrat ^ the facts first pointed 

Tlie list of important question., in general physic brought up 
by parasitism could easily tie lengthened 

B„t fe t hnck i« the motpholigicl proU™, „,| ,|„ ir 

connection with th e mo re general problems of evolution. And. more- 
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over, in reality they are not independent of the physiological prob¬ 
lems. 

The reaction of parasitism on morphology is striking. It is even 
true tlmt there is no category of analogous facts in biology which 
shows the same breadth. Parasites are distinguished from other 
form.- talongitig to tite same groups by such marked features that 
the affinities of these parasites often become unrecognisable. In the 
various groups the t ransformations which are undergone present an 
evident parallelism, 

Parasitic degradation is a well-known idea. The more profound 
the parasitism—that is, the more the parasite uses the activities of its 
host's organism to insure its own nutrition—the more it is deformed 
and simplified; in a general way the organs of locomotion and of 
the senses retrogress and finally disappear. It even goes so far that 
no truce of the priinitip nervous system can be found. The organs 
of digestion become simplified when the parasite, absorbing substances 
already completely elaborated and assimilable, is dispensed with the 
labor of first bringing them itself to this condition; hypertrophy then 
takes place only in an organ of storage such as the 14 liver " or hepnto- 
pancrcas. The digestive tube on the other hand, sometimes disap¬ 
pears completely, as in the cestodcs, and the animal, bathed in assim¬ 
ilable nourishment, feeds by simple osmosis through its integument; 
the reproductive organs especially are changed, and in a general 
manner hypertrophied, but in different ways. Sometimes parasitism 
obviously brings on hermaphroditism. Sometimes it exaggerates 
sexual dimorphism, making of the female, stuffed with eggs, a giant 
on which the dwarf male lives permanently like a parasite. In the 
one case as in the other the number of eggs produced by parasites is 
enormous: there is in this enormous production of eggs a compensa¬ 
tion for the extreme mortality of the embryos and larvae which do 
not reach in time the indispensable host; an essentially adaptive com¬ 
pensation which is liliely to give rise to teleological illusions. Thus 
parasites finally become nothing more than voluminous egg sacs, and 
the animal s cycle after the host is found resolves itself into building 
up the substance of these eggs, laying them, finally incubating them 
until the hatching of the larvae. 

Thus there is a great simplification of the various systems which 
do not take part in reproduction—a degradation if you wish, in rela¬ 
tion to free forms: but that is a subjective point of view, and we can 
just as well say that parasites show a specialization carried more or 
less far, and, all in all, an adaptation which often readies a very great 
perfection. In their way parasites are much specialised forms which 
may bo regarded ns in a sense extremely high in organization. We 
shall illustrate these ideas by a few examples and we shall see in par¬ 
ticular how a single group often presents successive stages of trans- 
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formation Tvhictt connect the extreme, scarcely recognizable forms, 
ftitli the norma] ones. Taken all together, parasites more than mir 
other category of organisms, are a collective and striking illustration 
of adaptation. Nowhere else does structure appear so sharply out¬ 
lined as modeled by the kind of life, tun - dues juuuhiptation appear 
less probable. 

The adult is not alone in being thus influenced ; the young stilfes 
ore no less Influenced, and the conditions of entering the best, often 
the necessary passage through an intermediary host (and conse- 
ijiJCDi lv the enormous destruction of individuals in course of develop¬ 
ment) are in correlation with adaptive peculiarities of the larvae, 
frequently with phenomena of embryonic multiplication dependent 
on asexual reproduction. Comparison of the various groups is very 
suggestive in this connection, because among them we can see par- 
a el '!mergences from normal cm bryoingical jjg volopment carried out 
in |H?r ftUy distinct series, as if the action ^tho environment were 
i- fective in directly modeling, in the purely Lamarckian sense, the Jc* 
ulopDj^iit sirsd structure of pumaitpsi 
Let us nut suppose, however, that the problem is simple. Condi¬ 
tions which appear to he similar sometimes bring about the most 
opposite results, In this connection the examples of the parasitic 
copepodB is a striking one. They attach themselves to their host 
after a period of free life during which they have in general gone 
through the same principal stags of krval development as the free 
forms, reaolimg the stages known as eyclopoid; then they attach 
themselves defonn themselves, ami degrule themselves* in the 
usually understood sen® Mr. ifeui] and I have just finished 
studying the truly astonishing regression nf the genus which wo 
ha, e oiled Xyeoihm* which actually succeeds in literally appre. 
pm ting a part o f the organs of its host. It is impossible toima-rine 

“ ““IT**? l] T" laUOn “ d m0Tt '«*** baptism. £1 

cantiw^ here * another type of eopepmls, the MuSblae. TW 
enter there host m the naqplius larval stage. They then lo^ 3 
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stages were known- The digestive tofre nf these adult MonBlrillifiae 
is atrophied- This peculiarity can now be explained by the fact that 
the animal undergoes till its development ns a parasite] and that 
its life in the adult condition la Hoiking more than a abort phase at 
the beginning of which the sexual prod nets an? already ripe and 
needing nothing further than to be dUsfimiimtwh The animal bus 
no further need to assimilate* In the same maimer the innumerable 
insects coiled entomDpbsgotis, Hymcnoptera, and Dipt era for the 
moat part^ are laid in the interior of other species where they develop 
as parasites and become free and perfect images- In the same man¬ 
ner again, among the annelids we know u senes of Eunieidae winch 
develop im internal parasites in other annelids, to arrive* in the 
adult, at a free stage which is in no way degraded by parasitism. 
For tbe present I wind I limit myself to ibis brief outline, which shows 
that we must not belie vij that the state of pa mutism has been readied 
by simple and uniform series of transformations In each case there 
are special determining factors, and the consiliences of these factors 
arc no less special* 

Thu h it is nr>t evident that the veiy striking adaptation* of para¬ 
sites. any more than in the case of free forms, are explicable by the 
simple Lamarckian mechanism that we thought at first. Here again 
parasites have been able to react m accordance with the successive 
steps of a vast orthogenesis. But jieverthele.-s it is striking tu see 
parasitism bring about. in the most diverse groups, parallel luodifb 
col ions which can not be wholly independent of circumstances out¬ 
side the organism itself. When a rhkncephaloii* crustacean finally 
shows the asexual reproduction,, which the work of F. A. Potts has 
demonstrated in Peltegaster soci&lk and Th&mpmmti* cun it be 
imagined that this final ^lagc was a predestined evolution resulting 
From mere internal factors of these organisms independent of ex- 
tcmal drenmstanccs? Can we refill to think that the progressive 
iictiun of piirusitiBm, which in the general evolution of types can be 
nothing more than a $ide issue, has nevertheless been an external fac¬ 
tor of much impor taneft , one which, many times in similar conditions 
hut in independent scries* has led to results of the same kind? 

Free organisms without doubt gi ve rise to analogous problems, but 
the case of parasitism is of a special nature. The establishment of 
the fundamental types of the animal kingdom goes hack, ns we now 
know, to n post which is practically inaccessible. The dawn of tan¬ 
gible paleontology shows us evolution almost completed in its main 
features. But the dijieren tuition of parasites is a second evolution 
consecutive to the first. We can not reasonably suppose that the 
parasites with their intense anatomical, etubryologicak and physics 
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logical deformation* slioiild have made their appearance complete 
as we see them. They evidently originated from normal forms. 
Nowhere does the idea of evolution assert itself more positively. 
When the zoologist is in the presence of such astonishing forms us 
those which are shown him by the opicarid iso pods, parasites on other 
c rustsu cans, he is forced to bslicve^ns the development of these 
creatures proves—that originally they were normal isopods which 
did not differ from the existing free forms. It is, therefore, only 
after the perfection of the isopod type that tlie evolution of the 
epics rid no took place under the influence of parasitism. This second¬ 
ary evolution, less far away from us than the first, may 1 ms more ac¬ 
cessible to us. Consequently the study of the parasitic forms has a 
special interest in helping us to reach a knowledge of the laws of 
evolution. At least these laws will perhaps appear more clearly to 
us in this field. 

The material offered by the facts of parasitism, and by those of 
commensalism or of symbiosis which are connected with them, is, as 
you can imagine, immense, and the real difficulty is to choose among 
these facts to keep oneself within the limits imposed by a course of 
lectures. The harvest of new facts to be gathered i* still large and 
fruitful. We bnvo reached a period in the history of the biological 
sciences where ire accurately measure the difficulty of the great 
problems. During the heroic period of Darwinism it was generally 
believed that embryology would reveal all the secrets of morphology 
To-day we know that it can not lw thus. Morphology often asserts 
ite truth; it docs not actually explain itself, because we do not succeed 
in seeing in it the exact result of a definite mechanism which might 
if necessary be produced experimentally- On the other bund the 
great laws of morphology are established. The golden age wis’thflt 
of Cuvier, Geoffrey Saint-Hilaire, and their immediate successor*. 
In the domain of physiology, on the contrary, which is that of the 
existing factors and which ignore* the past, the progress of ail the 
experimental sciences brings forward every day the possibility of 
new investigations. Thus cellular physiology is to-day in full de¬ 
velopment and tn rapid progress. And we are therefore sometimes 
tempted to say that morphology is finished, or nearly so, that in anv¬ 
il* H M Ti" 11 '/ VX | HTt , rqin ^ which arc worthy of extended 

*ri^a^ h i ref ' ,re v 1<!t , the y,ning ****•&"* tui'n ft way from it and 

I tU th0 Physiological side of biology. 

vet I believe that * tXrt \ m 111,011111 tnith in this Ittea* 

fr**^** m . rather positive manner ns it Some- 

less many of the pill^ of nwi^holc^^^iS^ip! 011, 

are firmly set up and will not move R„t It i* „ P tlV * zool °^ 

f.r tti. r«*o„ ,U« „ really W 
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effort which hns been put forth since 1851) under the impulse of 
Darwin^ book bus not led us to the essential solution of the problem 
of transform ism; it may even lerfte certain persons at the present 
moment in a rather discouraged state of mind. But this effort has 
brought us to nn incomparably more advanced knowledge of animal 
forms,, of their intimate structure and of the manner in which they 
are developed- It is thanks to this progress that we see the im¬ 
possibility of certain explanations which seemed almost obvious im¬ 
mediately after 1859, And the very difficulties presented by tho 
problem of adaptation make it inevitable that morphology can not 
reduce itself to a few simple laws* It is, moreover, through the 
progress which has been accomplished that we have been able to 
state, and shall be a hie to stale, in the physiological field, the qnes- 
lions which appear to nse to be the most interesting. What would 
all the experiments on the animal egg amount to if we were ignorant 
of all that morphological embryology has taught tisf Morphology 
still offers an endless field for learning, and the facts yet to l>e dis¬ 
covered may lie decisive In directing physiological research. For mv 
part, therefore* I hold that it is not correct to *ay that the interest in 
morphology is exhausted and that we ought to turn away from it or 
turn younger investigators away from it + Should morphology be 
tim Hindi neglected the foundation on which modern cellular phys¬ 
iology would rest would rapidly become IraqffidenL We cun not do 
otherwise than deeply m bin re. even to-day, that which Claude Ber¬ 
nard wrote in his k ' Lemons sur les ph^notnenes do la vie commune mu 
iiiilmaiix et mix vegetans tJ about the individual characters and the 
respective parts of morphology and physiology. And yet when we 
see* a little further along in the volume, what he was able to say, at 
his time, about; the genera] phenomena of the development of the egg 
we ran measure bow vast and fertile a field the work of the mor¬ 
phologist has since then furnished for the physiologist* This fer¬ 
tility of morphology is not exhausted. The study of parasitism 
which we are going to take up will confirm our opinion that mor¬ 
phology and zoology are not endec] and that it is worth while to con- 
Unue to work on them* without for that reason failing to recognise 
the enormous interest offered by the physiological method. And 
whut good can come from setting in opposition two methods which 
ought to support each other mutually; and each of which is better 
fitted to the peculiarities of certain minds! 
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The penoral utility of birds in ditu kin^ l he of injurious 

uni ma Is und plants is tp! I untlerstood. 11 mt i st lw » < tin i t tod, 1 lowevor. 
that while birds constantly exert u repressive influence on the num¬ 
bers of the organisms they prey upon ami even exterminate certain 
pt'id- locally, they are not numerous enough to cope suecessfullv with 
widespread invasions. 

Birds are prone to feed upon things which are abundant and easily 
accessible. For instance, in elderberry season n very large number of 
birds take elderberries ; if May-flics swarm in a locality, practically 
all of the birds there devour May-flic-, Tims, under unusual condi- 
tmus. such as attend outbreaks of insect or other pests, birds very 
naturally turn their attention to the plentiful and easily obtained 
foot! supply, and the attack on n particular pest often is intensified 
aUii by the flocking in of birds from surrounding ureas. 

Hence birds ut times materially reduce or even suppress severe 
infestations of insects or other pests. Many striking instances of 
such results of their work are recorded in the Old World, and the pur¬ 
pose of the present paper is to present evidence relating to similar 
cases in the T nitrd States. Those instances are ground with refer¬ 
ence to the natural classes and orders to which the pests belong. 

ioin necessity the present paper is almost entirely a compilation, 
and an effort has been made to exclude all instances of insect sup. 
pression that seemed at all questionable. Nevertheless, the writer 
can not vouch for the authenticity of the accounts of occurrences 
which from the nature of the ease he is unable to verify, 

srpprcEssioN of invertebrate pests. 

ORTHOPTEBA f GRASSHOPPERS AKD CRICKETS). 

Probably the most conspicuous insect outbreaks that have occurred 
in the United States were those of the Rocky Mountain or migratory 
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liKiist (Ift laiwphtx xpretm)* which are recorded from as early as 
ISIS up to The most dv-structive and, widespread migrations 

occurred from 1313 to 1376. Then the Insects devoured every green 
thing over extensive areas and were a veritable plague to the fanners 
of the Great Plains, 

Cyrus Thomas, of the United States Entomological Commission, 
which investigated and reported on the Itocky Mountain locust prob¬ 
lem* gives evidence which he says proves positively the great useful¬ 
ness of birds in locally suppressing the locust. He notes that in one 
instance “ u garden whs attacked by nn innumerable host of minute 
locusts; the owner battled bravely w ith them for a while, but at last* 
giving up in despair* sat down to watch the progress of destruction 
of hk vegetables and flowers, when suddenly a flock of blackbirds 
alighted on the young cottonwoods he bed planted in Ids yard*” 
Presently “they flew into the garden; when they left* an hour or so 
after, the dreaded ' hoppers * were gone and his garden saved.” 1 

The most important data published by the Entomological Commis¬ 
sion on the relation of birds to the locust, were contributed by Samuel 
Aughey, of Lincoln, Nebraska, Professor Aughey cites several in¬ 
stances m which birds completely destroyed the locusts on limited 
areas. lie says: 

hi fl nrlii£ iif 1S01 the locusts hntHiid orji ]n counties numbers |n north- 

NvhrnHkL Very few Edits of earn nm\ the cereal grAlm escaped &imo 
iliam;iire, Sopi# fleets wen- entirely destroyed, while others were hurt to the 
nmmint of from 10 t ip IS per cent. One ifeld of com northwest of Dakota City 
ius -1 utmost literally covered with locusts, and where the Ludk-atiomi ware thru 
aut fl * la]k WlM3l<1 After, and about the time tint corn up* tho 

yriluw‘bnd«t btnrkblnU hi Urp? numbers made this field their feeding ground. 
Vtelthii the Ml frequently I coiikl see e smdiial diminution of the number of 
Sin'ustii, Other hlniis e^keclnlly the liToVers* helped the yellow heads. Ami 
«it hmc h iif ihe I'tira had to hi- replanted once* yet it was the bird* that 

Jngile the mp that wan raja-d pofetlble at nil. 

imtitiE the season I visited Pi*™ Cm*k Valley, lit tM s erranty, ami 
fotmd among the «u ten-up wheat fehlfl one where the damage done was not 
otff 5 per re id. The Irishman why- lintel It nut to me luerlitt^ It to the 
work of the hints, chief imiiuig which were Ibe liEjirtblnts. and plover* with a 
few qui ii[ nnd prnlrEe chickens. 

In another loraUiy, when the oM Oraadi Hoad then crossed Omahn Creek, 
there wen? a few ohl ahnndimivl field* wham there were eiiofiiaju* nnmbcra of 
jiinmg tixust^ toward the end of May. I see from my note-hook that I e?rtb 
innterl ibat about Jemals ha I rind otit here to the ^iiinre fwu Some cotton- 
WWk| htlil ,lHw timber was near by where many aperies of birds were breed¬ 
ing nt t tint time nm| Inter In the sen*m* The binla mm spied mu thi* 
Ivnst-rvvvtvt] gpet and made It thrir feeding grounds I frequently stopped 
at fhla place as 1 passed by, l*-th to find nut whut htnJa existed In the State 
mf \ Vr l,J ^ on the lottut as I had been then In the West but 

* Qft * ^ would, for ni least n month oon? or less, birds 

■ in Rrpt. iTof l#7T>. r. fl, Pat. CotoiL. pp 335—33(1, 
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«he][ 1 be seen on these grounds. Among thcise were vatic™ species of black- 
bints* Eortmmian nod other plovers, quiills, snipes, curlewe, prairie-chickens, 
and occuslotuilly lurks, atul In June occasional orioles:. sparrows, iHbolliLka, 
and robing Over a thousand birds must have been feeding here. Long before 
the middle *f June arrived most of the locusts imd disappeared * * ■ 

During this saune season [the spring of !SShJ t nmnj of the h!u£E lands west 
of Dakota City, especially whore there was now or old breaking, became tin? 
feeding grounds of great numbers of prulrte-thlctattiii and plover. Tit ere were 
then very few rattler* there, many of linden having left because of the bwutt 
invasion of the preceding fall. Bat to me St wm ronmrkabLe bow rapidly the 
young locum* disappeared where the pralrk>chldteiis olid plovers were dally 
feeding. In such spots by the middle of June hardly a locuvt wa* left. 

At a point about ft miles west of Punka, on the Niobrara Road* the locust 
tint chid, out as elsewhere La prodigious numbers Here, however* there were 
some flrhla that the yellow-bended blackbirds* the quails, and plover* visited 
In such numbers that faw lecxusts aarrived to injure the crops, 1 saw them at 
work here* and u rattler afterward told use that the birds sea tiered over wider 
areas after the locust supply begun fo give out * * *. 

In the summer and fall of 1874 the locusts appeared In MuthMSicm Ne¬ 
braska In unusual imtuhora even for this region. In Lancaster County,, where 
the road to Milford the Middle Crock, the blackbirds that were passing 

simtlrwurd so persistently fed nu some spots m hurdly to leave a locust behind. 

No NehraHkan will forget the countless number of young loeusis that batched 
out in the spring of 1875. Only where they were removed by causes known 
or unknown were crop* jrtwhicud during this -seosuti over the flnfrjxicd region. 
Among the few causes grating in the destruction of locust a during that portal 
was the work of UirartlvoEmiA binds, Atnung ibe ^por^ that birds frequented 
wns une mi the west aide of Salt Greek* tm more than 2 milea from Lincoln. 
There was a small area of about 3ihi act™ that harbored an Imn^ mgw number 
of locusts* The bints, however, made Jt one of their feeding grounds* and the 
locusts loom'd dally in number*. Within n month hardly n locust was loft 
Similar Instances -if the . . -ic of birds were observed »':irtlitT down on Sail 
Cwk and on MldiHc Greek. 

In the spring of 18T7 the locust disappeared rapidly from other causes 
after they hud bfttrhed out that little opportunity wtw given to ewalnc what 
etfect the birds lutil ^r: them. Yet, cm Middle Creek mid frs tributaries, and 
In various other place*, I could see that the birds sensibly and mptdly dlmin- 
islied their numbers One notable joint wua a few tulles down Suit Greek front 
Lincoln, in May I visits the spot owing to the reported great numbers of 
Intrusts them I estimated the number when I visIM the place to be about 
ifllii in a ajuare foot. Already the birds had discovered it* stud within sight 
were quail, Larks*. I mho] Inks, ytiftawbt&dSr plovers, curlews, and a few prairie- 
ihkkett*. They were all apparently feeding on these lotitfets, With my glasw 
I could see them: picking np them insects In a month hardly a laeust was 
left at this ptfice. 

The' Mhmlng lotteru, giving instances similar to the preceding of the good 
deeds of binds, have been received In reply to my Ipijutries: 

** Dul& $m: In answer to your Inquiries- I have only this to suyj During the 
last season l planted n tract of Mr. BrcntHngertt laud, north of Omaha Creek, 
In nddlilon to irrj own, In corn. It wm on new breaking, where the Iocusih had 
Itld their efgs. After planting my core the locusts began to liateh, and In im¬ 
mense numbere and threatened to destroy nil my com. The blackbirds how¬ 
ever, in large numbers, commenced to feed on the locusts, ami d etoure d them 
almost as fast as they hatched out. This gave my corn □ chance, and I obtained 


414 AXSTfiU, R.KFOHT SMITHSONIAN 1 S’STTTT’Tloy t IQflO. 

n eootl cwp, but without tlie work of thu blackbirds this wuuM hare be™ \m- 
pcwaible/' — Jacob Hetke*. J'akotn City, Kcbreukn, October 3, 11477. 

"MyDsu Sih: In reply to youT Inquiry relative to the reim? of our li[nj s a* 
Insect ikwtroyere, I will niOTtlon (inr tutmice that cnmo unitor my iwrunnu] ob¬ 
servation last spring. Adjoining my reefilenw in ivwt Point In this State there 
W»H 11 Wheat JtoM. About the time the wheat ire* 2 luctoi hi^h cmiti* (truss- 
hoppers made their oittwnronee In ereut numbers, ami ft n short time they had 
euten the wheat so Mint the Hold in many phices wnn ns bnre ns n street. About 
that time t n«tl«*i that large flock* of birds—mo«£ Jy the common htekhlnta— 
were frequenting Uito field dolly, f goon tIEscorered that they were after the 
liHted twjijior, I went out frequmtly (o make obHervnlfntis, nth! I on gatUutal 
tlmt ouch bird destroyed at least 300 ioeanis dally. In nto,m 10 days ibe birds 
ceased their chat* and upon inspeetlon l found tlmt the -hopper* had dleap- 
1 *'«hh 1 atrto. The wheat *priiriif tip a foil 11 . uud made a cootl crop. 

"There arc many other similar lastancex where birds save whent 6elils from 
tKdnt* destroyed by the itmsKhoptx-rs in my county, re wbteh my attention 1ms 
tom called by farmers • * *"-s«iator Crawford, West hunt. Nebraska, 
NriVCmihrT 7 h 1S77, 

Lpmm $i*t J hnd one fluSil of wheat on which tho locusts wore nr work dur¬ 
ing the Iofe flpritw ia mb number* that It InnkwJ a*= if norliliifr would toe loft. 
™* blaekblrtla* however, end ml** ihr plwer, found It out ami eumo \n such 
pumtHTs tlmt they timnrf out liop^r, ami I n ihkhI field of wWnl"_ 
f™» r - klnmh Hull ^mht-r 28 , im+ 

“Pt\a tjim; Id answer to your Hired* ton rd»nn the birds and the locusts I 
mas, say this: Every farmer that shoot, birds most ho a fool. I hod wb«t 
tb s lust gprlna on now brealdna. The grasshoppers ™ oat apparently as 
tldck aa the wheat itself, ami. Indeed, mod: thicker. I gave up that Held for 
lost. Just then treat ouiutors c-f jdorer cane, and flocks of blackbirds ami 

° n thie ***■ ^ «* ^ 

m . , , . nt three-fourth* of a crop, end f know that wlHwot the 

i/rr lwm,< , “ ,t hare hud any, I know other fanner* whose wheat was tnved 
•>e Nune way. —8. E. Goodmore, Fremont. Nebraska, October fi, 1677* 

Yl”ft also tl,c tetin >ony * of Mr. E. S. Abbott, of Fleta- 

ant HUl, bnbine County. Nebraska, wbo says; 

Alt wild birds prey up* them, especially the pratriMblctaas and qunllo, it 
la bettered that a prairie elite*™ earn « nr ptnt rK , r . lTlnllB 

. a , q “ 4 “ l,,T * The bird which has done as the best service la the (yellow- 
t«td«!J blackbird • ■ ■. Tlicy eaiw In great quantities, probably u tbeu- 

sand Jn h flrek: ii wy nuirehed over the Held Iftt n band of soldiers, cteahlor the 
ground * * where It was scttuDy black with Twppw*. 

. ^Laughlin of (ontralia. K a n sas , pays irilmte to the same 

brnlg. winch, he snyV “made tbemsely® valuabJo to the ftirmerslast 
spnfip in devourin'* the swarms of young grn^brrppers. I had a lot 
of land on which the grasshoppers deposited tbeir eggs hr tlie mil¬ 
lion; as they kgan to hutch the yellowfaeads found tlwm out. and a 
jWs of about 2W> attended about 2 acres <lnily, roving over the entire 
o as wt pigeons teed, Ibo rear ones flying to the front as the in- 

‘MtotB*! 1?| 7 c l S Ent ‘ C0,l *“ ' |,p Aia -* i2 ‘ 

.11 vl; V, nS7W - liTO >. I5S0, Appesdix Ip . 0,. 
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sects were devoured. The farmers of KaiL-:is are under great ohlh 
gattons U> the little yeUowheadR, or, as some null them. copperheads, 
for their service last suninier,' T 

The above testimony proves that birds render valuable assistance 
even in the case of insect infestation so serious that almost nil of 
the crops over enormous areas are destroyed. The evidence leaves 
no doubt that in many instances birds exterminated the locusts in 
restricted localities, and that it was due to their work alone that 
crops were secured in iFtese un?fks. 

The most important species concerned were the various blackbirds, 
especially the yellow-headed, and the prairie chicken, bob white, and 
kill deer plover. 

An insert almost as important in certain parts of the West as the 
Rocky Mountain locust is known to have been effectually checked 
on one occasion by California pulls (h™ <w? 'tfomiem) . This is 
the short-winged grasshopper (Anabrut ,mnp/c*) T commonly known 
as the black or Mormon cricket Hon George Q. Gannon spoke of 
tills insect and its bird enemies in an address before the Third Na¬ 
tional Irrigation Congress, in Denver, 1 *94. He said:* 


After om-grain Itml !)m>h sown and oar fleMn looker! promising, black crickets 
«une ’ by Uic minions turn itevbnrwl our croft* 1 lwve such flel da of 

wheal na praiulsiiiK as they eootd be in i tie morale fuuJ b r erenlng ttiev ww ld 
be am bare u a man’s IuldJ—O ewmral by these erlcfcvl* • - - To us wbo 
llverl in rtnl. about Hint time it aeeaed there w;is u. visitation of Prwldmco 

..r.SS'SS <” “«“■ 


This testimony is corroborated bv that of a correspondent of the 
first entomologist of the United States Department of Agriculture 
1 owuend t t lover, who records” that “Mr. James McKnight. who 

I,T T “ T a i* J**? Cii ?- * ntCs that When the Mormons lirst emi¬ 
grated to L tah this cricket appeared ju immense swarms, destroying 
their whole crops of wheat, etc, and that the second vear they'also 
appeared, but providentially, or miraculously, as it was deemed bv 
the Mormons, vast Hocks of white gulls suddenly appeared and de¬ 
stroyed the rackets to such an extent as to almost eradicate them 
tor the time being, thus saving the remainder of the crop, upon which 
alone the half-starved Mormons tad to roly for food for the next 
se;ison. hincc. that time these birds are held nlmest sacred in Ut;di T " 
It may be added that ft monument ?omrncmonttin/? the valuable aid 
« the £u)b has been erected in Salt Lake City, 

An Insect closely related to the Mormon cricket is the Couleo 
cricket {Peranalru* soabrkoEis) of ihc North western United States. 


4 iTTigAiion Ap\ Voi. I ff, Nu 4. Pfr lS9~i8a, QeL. 1SPI 
■ E*p, Comm. Agt-, p, tB* Iffji. 
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Mr, A, C, Biirrill. at the time an agent of the Uni ted States Bureau 
of Entomology, reports : that— 

The Stau? of WadhlngfiHij with the aid of o^ems of the United States Depart¬ 
ment of ApricuUnrc, hua iieen nti erupting to control the Coulee ericfceL which 
devastates large areas In the vicinity of Adrian, VYnstilngion. According to 
Mr. Mai Heehor a scientific nwrinaiit In the United ^Ldea Bureau of Entomology, 
western meadniv larks appeared In great numbers In the Dry Coulee last fail 
anil began eating the newly hutched trkkL-L^. So cC^dent were tliese bLnl** hi 
controlling the etIt nation that arrongiuuonts for n I9Ifi control miopaLgn were 
uhEindaned. The meadow Juries wem almost entirely restsmsrhle for the rem- 
plet* * ekan-up of the area 

HOMOFTEKA (CICADAS, PLANT LICE, AND SCALE INSECTS). 

An inject which is commonly tilled locust, but which is not closely 
related to the true locust family, causes i-ome damage in the eastern 
1'Hi ted This is the periodical cicada or 17-year locust 

{Tibicm septmidecem)* J. B + Smith in bis Economic Entomology 
says 8 that H Wherever the English sparrow has been introdueeil, the 
periodical cicada is doomed,” These birds “seem to hove an intense 
hatred for the insects, attacking and pulling [than] to pieces in the 
most wanton manner, Near the largo cities where the sparrows are 
nunieruiLSj entire broods hare already bren destroyed. In 1SS9 ihe 
insects appeared in large numbers in Prospect Park, Brooklyn, and in 
the surrounding woodland, hut in an entire day's careful search I 
found only a single branch containing eggs.” 

The common crow blackbird, also, according to C. L. Marlatt, is at 
times a very destructive enemy of the periodical cicada. T n Ids 
account 8 of on experimental breeding record for this insect, Mr, 
Murl&tt shjn the hides which the cicadas make when they come out of 
the soil were so numerous under certain trees—- 

as tn ladSfinUt the emergence of thnnsmmbf uf cicadas* (7Enter cup tree a coaOt 
a&d eattimte were made of more then JvUOQ opening, ami under other trees the 
epehicfl* rented from a few Imudmj to Irma cue to three thcaeanrL The 
imml erorseece tmk piece ho tween May 14 and 21, The writer visltm! ifi e 
prrrve na two prating* and witnessed the Issuance nf numbem of cicadas ana 
collected mam Jn spite, however, of the eoaehtemttf* number of 

dcftdasf which M»pen^3 t turn? was Been on the trees during tin? Uitys and wot-ka 
foHowlag, Each luomtag about the plant«| treat would be foond n consider 
nhk jmnm tif blackbird*, which evidently \m\ been fixating on (fie newly Issues! 
cicada*. The real pupal alnOl* were tmtotmm on the trunks of tlu* trees and 
«fttf€lfclly on the failure, am! mI#m> on the preum!, hut scarcely a tdagk? cicada 
**^1**1 tiie stuin> eyrs of thenc hirels, and the ctiunscteriatie song w B * 
la^rd dutiois June In this grove, although ihou^nds of adults Imd me forth. 
***** * • 

*Cilfcf n«fe tb.L Gnm*. vd|. a. No. i + j*i, ipso, p. Bfl, 

1*3-143 IIJktNil. 

* free. Eat, **c. Wish. I3t, IWJT. p . js. 
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The absolute fetlune of these Insects to establish tlum-wlves when planted tn 
sitrh enormous number*, even when the Underprounil period Jon I been sion.-e^s- 
fully pfuaed* owing to Uic reft-iiU*^ oEudauuht of birds, I# n mUcjng Wliistrm 
tlon of whai Is hiippcnSng every year with Lhe different broods In nature. es¬ 
pecially In thinly forested region*, and accounts for tholr great reel action In 
nuaihcra and the practical disappearance of many local swarms fontirerTy 
abundant 

The order Homoptem brides the cicadas includes frniong other 
forms the plant lice (Aphididas), which are universal! 3v i\ favorite 
bird food, and the jumping plant Ike ( PtyUldac ), both of which 
cause damage. Pesls of each of these families arc known to bo sup¬ 
pressed by birds. 

The late EL M. Kussel, of the United States Bureau of Entomology, 
notes* 11 that lie observed in California a wlute-crowucd sparrow il eat¬ 
ing rose aphids as faist as it could pick them from the tiuah. This was 
continued for fully 10 minutes, during which time many hundreds 
must have been ea£en t as the plant was almost donned up by this 
bird, 111 

Will C. Colt, of Mission. Lewis County, Washington, in corre¬ 
spondence with the Biological Survey (July 15 T 1904}, Hays i 

Early till a opting there were hut few rfUtikAdees (Pcnf^pWr,i uirimpillu* 
txxHdenWi* } tn te? seen hen\ but la Jane the green aphids rami' to the yoaui? 
fruit trees and hi ei short time the ereh arils wore Juste ulivp with rhlekndees. 
They have nearly detuned the aphids out 

E. H. Forbiisb, Stisto ornithologist, note it clear case of aphid sup- 
I'lression hy birds in Massachusetts. lie says: 11 

One morning In the fell of iSH>4 I not!ceil La smue poplar troo* near 1he ?lvjre 
nf the Mushetuquld a small Rock of piyrtle and block-pell warble ra busily 
feeding on a iwarm of plant I lee. There were riot mere Ehun IS bird*, Tim 
insects were mainly Imamus, and seme of them were dying. The blrdii wen? 
putmihg ibewo through the mlr, but were olso ^eeklne those Unit rPEsiEilneil on 
the trunks nurl brunches. I walked Mnln for Mime tliuo. uoied their 

activity* and then psswrl on hot reiunned tend observed llt^lr numjaaotv quin? 
cEijoely nt Intervals nil dtu, Toward night wm* of flic tmseets hud wotton-d to 
neighboring trees, und a few of the bird* werts purailn;: them there i but twmt 
nf ihe latter remained tic op about the pines where the aphis swarm wilh iir>i 
swem nml they were still there tir fro nil own. The ywurm decreased rapidly all 
day, until just before smi*o[ it was difficult to find even a few ipednten* of 
the Insect, The bird** remained until U wns nearly dnrfc. for they worts ntui 
Hading a fow Insect^ on the higher branch pa. The plant lice I Imd secured for 
ldcntl&cadon wort? destroyed nr II horn ted d uring the night, probably by a tlner 
inuuae which frequented the camp; so the next morning at sEUirhje I went to the 
trees fo lock for mom apwlmeus. The birds* however, were there before mi* 
and I wai unable tn find a single aphis on the fnv-H The hist bird to linger was 
mono successful than i F for it wus still finding a few: bur It soon gave up ihs 
effort am! left for mere fruitful th-bLn. FrohahTy a few Insects escaped hy 

** Hoi. Ui>, U. Ei. p*pL A»r., A! ay, 1014, m LiX 

»rueful Plrda pp. 70^1" [lt)C7S, 
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nisl»l; but In examining \he locality In ipor, t rotiltl nm rim) *nc. Th* appar* 
enily complete destruction of thee Insects luny linvc been due In port to the 
luted winter Umt ensued, but the effoct produced by the birds was most obvious. 

The sume writer gives an instance 11 of the destruction by birds of n 
serious garden pest, the imported destructive pea louse (.Vectors- 
jihara dettme&r), which he says— 

wn.s very pniraTent in 10W. and we were prepared, for Its appearance In the 
siirlng of 1WL The lire appeared as expected. but foiled to increase an hereto¬ 
fore. One mom log one of rim heyn m «-ork in the gnrtten IWarelu.m. re- 

portod that chipping epunvjH's were eutlng the pen louse. This prove,) true for 
nil throngl, the Beu«>n and also the next «iu»u wherever pens were planted these 
birds a pi tea ted amt fed on Uir-n j-.lnnr lice pembrtenUy, day alter day, so W 
ns they could be found. A row of lute peas about 100 yards in length become In 
fwt ™ 1,1 in « wt - ' rhese were na*«Igbfl, of n mile from where the early 
liens wen; planted and in n locality not ordinarily frequented by the chipnlus 
sparrow, hut the birds win found them and hnuntod the vines day after .lay 
until the lire were mi reduced in number-, thut they did no further injury. 

One of tho jumping plant lire, the peur psylk (Pn/Ua pyrfrofa), is 
uitcii seriously destructive. H. A. Surface, Slate entomologist of 
1 ennsylvunin, states 1 * that-— 


A prominent mwer of pears In NVw York reported to ns that he had lost mtmv 
nr nu. jmnr crap*. nmonntiDg to thnoMUds or bushels, by this peet. and in the 
fall, ns It war present in ervut niimW on the trunks of tiro trees, it appeared 
that It would paas the winter there and destroy Ids crops auufn next v«tr 
However. the wldte-bm.sttd nmhnhehea curat, to the omhaid m number/and 
he encouraged them to manta by tottealn* ph** of fa t meat m his trees and 

***** **"» f "' m “***■«“■ The nuthatches remained and fed a» the 
pest nil Winter and cleaned up Urn trees so effiK!tlvely tliat he could scarcely 
any of tta Itu&fcris !n Usi^ spring. ** 


Nusnerous specie, of birds feet! upon Kale insects nnt] some of 
, “r 0 ver r -' fr ‘ vtr, r work. An item current in the western piers 
in 1KB n to the rfect that Dr. W. .T. Chambers, of Los Aniele, 
< «l,fnrn,„. who kept . number of ™Uojr {Up^ly, 

tT^ f ’ ' .T 7 , elBdMt **«9~ of scMe insects. 

A blood of young quad quickly cleared the Mack scale, from a num¬ 
ber of mar*niento hushes in the doctor's yard. I„ conuspondsne. 
Dui tur Chsmhms has i eonflnnsd this report „m| nel.U that |„ h , 
opinion two or the* do»n qu.il in , 10™ orchard will k ” ’ 

black msle down to a nun,mom and render Hie «,««! of fSkT 
tion unnecessary. * manga- 


riOLEOPTHRA IBEETl.ES). 

h.r and d^trurtir r ndiU fro£lSt £?££ 
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States* many years ago* and which was then expected to render the 
profitable growing of potatoes impossible^-the Colorado potato 
beetle—is now known to he eaten by a large number of birds. One 
of these, the rose-breasted grosbeak (Zamd&dia !ud&vician&) has 
been imported to dear fields of the beetles in various localities 
in Pennsylvania. Wisconsin, and Iowa* A striking instance was re¬ 
corded by Fruf. E, E* L. Beal, before his death a member of the 
United States Biological Surrey, who describes u 

a biimiII potato field rLti lawn] which earlier la tla? season bud bcea fo 
badly Inflated with cli& hreiles thm the vine* were Compltfely riddled. The 
grosbeaks vial ted the field every day, and finally brought rhelr Hedged young. 
The young birds Htood In a row on the topmost rail of the fence and were ftd 
with the booties which their parent j gathered. When n ireful tnsju-eihm nns 
made a few days Iaier p not n beetle, old or young, could bo found; the bird* 
had swept them from the Held and saved the potatoes. 

According to Vernon Bailey, of the Biological Survey, the cliff 
swallow (PetmckdidtM htnifmm) must also be credited with the 
local suppression of the potmto beetle. Ho states tlmt— 

In 1891 Mr. Denney Smith, who then lived on a form about a mile from my 
father's fu nn at Elk Hlver | MIrtn. 1 found that his potatoes were ®vcred with 
younff and old potato bugs. He bought 10 poandi of Paris green, but did not get 
ready to apply it fur several days, and when he went into the Held again be found 
thai the potato hug* hftd nearly all disappeared am! that a large colony nf ellII 
ttwtUtowtf, which had built tinder the cates of Iiiskim, were constantly trimming 
up ami down between the rows of potato vines. Mr, Smith Mild areoiinL for the 
sudden anil a a usual disu^K^nm^ of the potato hugs iudy on tlie supposition that 
the ntwilEIows had picked them off the vines* which he thought he eoatd set 1 ! them 
dotaj?. The Purls green was imr applied and n cckx! crop of potatoes wni 
horiO-Stwl. 

Asparagus is subject to seven? attack by beetles of the same family 
aa the potato beetle. Cotaftaot aggressive measures against these pasta 
are usually necessary in order to get a crop, but occasionally birds 
prevent this necessity* Such a case is given bv if. F. Adams, of 
Buffalo, X, Y., who says: 1 * 

Bretkst and la™ of fusimnipai tattles 1 ffrfcrcriji atp&mpi and (? ifrpunctatv 
u> ere a b umlaut Juno 9, Two days Inter trr&il nnmbere of English rphttowb were 
obtrtrvcd on the shoots, ami in pljicw where they had berm few larvae or beetles 
remained; apparently they had bean eaten by the birds, 

A moe* annoying and destructive imported pest, tlie elm-leaf beetle, 
seems to have few bird enemies. Tlie bird oftenest reported to eat it 
is the cedar bird {BombydSa vedmrum) . Du tram Bangs reports that 
during midsummer, 1903, a row of about a dozen young elm trees at 
B a reham. Moss., became very badly infested with the larvae and 
adults of the elm-tree beetles (Gtrlcrutdb hihda}* At this time 
the cedur birds discovered the Ijeetles and came in parties of six or 

“Fannin 1 Rul, E* p p. 20 K 1*04. 

N. Y. Stair MuifiUffi, Y*L VII, Xo. 3$, p. 1007, 1MI, 
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eight and fcnl persistently upon these insects day after day and 
throughout the day until they had absolutely cleaned up the trees to 
the last beetle. They searched the twigs and leaves with great care 
and detail, often hanging back down like a chickadee to get at the 
underside of the leaves. 

An observation l * of similar nature hy Mary Treat brought out that 
in one town all of the elms had been defoliated for several years by 
the elm-leaf beetle, but that cedar birds fame nnd after wards the 
trees were comparatively free from the lx*ties. 

h et another of the leaf beetles is known to have eitremely efficient 
bird enemies. The reduction by birds of an infestation of locust- 
ininf miners at Marshall Hall, Maryland, was observed by the late 
Dr. S. D. Judd, of the Biological Survey. He states” that— 

In 1J?K> the locust-leaf mining beetle* (Oil'mlvta tlortaUr) J^nTne overalmi- 
fhmt ami turned thi" tmutiftil preen of the 1 or tints, frliudm; the hull into on 
unsightly brown. All the hiri-s Ineludinjj [In'- fipjU'i'OW*, uie tiieso beetles 
anil constantly amt Jurjjelj aided hr their united attack tn reducing the 
beetle in number t-j nmh an extern tliut they have nut appeared subset)neatly 
In Biitti.ieijt force to repent the dn haute. 

"White grubs, the larva? of the Iwctles commonly known ob Mav 
beetles or June bugs, extensively damage lawns, grain crops, and 
other property of man. Birds are very fond of them, however; in 
fact, are their principal natural enemies, and occasionally suppress 
them locally* Mr. J. J. Davis, „f the United Stales Bureau of 
Entomology, who gives liigh credit to the bird enemies of white 
grubs. stales 1 * that to his knowledge " fields of timothy sod have 
been literally overturned by rrnws in their search for grubs. and 
in some fields the grubs were almost exterminated bv them.” 

Mr, E. H. Forbnah. State Ornithologist of Massachusetts, relates 
how robins were equally effective against white grubs under entiretv 
different conditions. 

f" 1,0 nolBe “ Wl " twrUnn of three sections of ft cranberry boe on rtiy 
rlft-t; at Warelwni nearly every plum wm billed hy the white grub of a Vav 
Iwetle I fwichBosUTMoi which destroyed nil the roots. As thin insect which 
remains for several year* in the sou, Is dlrtitwiit to control on a cranberry h» 
it wbr eondttdHl !» reset the iract with new vlneo in TtU!i and see what w 
pewiL Tfaa vines were wt, and ftlroost Immediately namlters of robins wore 
seen at work upon the irm-t. They dup Into the sjual with their Va kfl and 
rmllerl mu the pubs. In a few ntwd the room of the vine* won- exit off he 
the grgba. and *<■*» the rubles „ P( ,j ljScarilet , i M dQjf ^ g 

K fl.* iHrtii, p. 21J UW7]_ "" ” --- 

n mi is. itioi, mtt. n m w, iwi. 
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^tuIvb. The roblui worked so diligently that practically no crub^ <?wapi A 
few that bad come to maturity emerged from the mind as beetles and dls- 
appftif&h hut apparently the birds nil the rest, and m a result the vlnea 
uet thlfi yeer nearly all survived. 

Among:: the most Injurious groups of beetles are the weevils. 
They ate eaten in large numbers by practically all insectivorous 
birds, and we have one record of local suppresdsiri of an invasion 
of weevils- Mr. John (h Tyler, of Fresno, California, says: 

Due spring vast tiuinhere of rose beetles (Ltrioafpus fvUetil invaded the 
country about Clovis [GaJlfurnLab and after ih-Mtroyliig the rose flowers 
they look to the vineyardi* doing considerable damage to the foliage by boring 
numerous holes through the leaves* causing them eventually to wither up and 
drop oJT. Every day for nearly u week a ^r&iit dock of Brewer blackbird* 
hovered over a certain vineyard that I had an excellent opportunity to observe. 
Crawling! over the branches or alighting on the topnxHst shoot, these black- 
plumaged birds wt-re conspicuous cb^m* against the green of the lender new 
foliage. A* *t mailt «>f lJjl- effort* or these birds. In a abort time the vineyard 
was alaui>ft entirely frae from the beetles. 

LEFIBOFTEEA (BUTTERFLIES AND MOTHS), 

The Lepidoptcni, or butterflies and moths, include a large number 
of destructive species, ma ny of them rank!Tig among our worst pests. 
The adults are entefi in numbers by only a, few birds, but their imma¬ 
ture stages, caterpillars and chrysalides, especially the former, tiro 
staple bird food. Hence it is not surprising that a large number of 
ibises of local suppression of lepidopterous pests have been observed. 
One of the most injurious of these insects, the orchard t cut -cuter- 
pillar ( NaIaco&&m& amtricana ). seems especially subject to destruc¬ 
tive noalaughLs by birds. J. F + Kirtbiul notes” the blue jay m an 
effective enemy near Cleveland, Ohio. He says: 

Soon after they [the blue Jays! had cm ignited to my evcffntttihfl T one day 
noticed one of the bints engage*] in tearing open a fiesE of lha hugworm 
c&mpn rtjncricrfriri | on an apple tree. Thinking the act was n mere destructive 
impuisop I wo* about walking away when the bird, wUh Its bill anuiranLiy UUcd 
with several living and contorting Lame, changed its position to n tree close 
by where I was standing. * * * Its next removal w’u* to nn adjacent black- 

if|iruce tree, where I could plainly see It distributing ihe captive h&gwonm to 
sundry open and uplifted mouth*. 

Prom this hint l was led closely to watch the farther proceedings of the coin- 
Euunity. Before the young bird# had tm&scd from the care of the parents most 
of the worms* fleets had beora broken Into, nmny wore tom Into threads, and the 
ei amber of oemponta evidently diminished. Tvrn or three years afterward* 
not a worn was to be seen In that ne]Kbhorhood T and inure recently I Imv* 
searched for It In vain, In under to reft r some Cabinet Hpedmeusi of the moth. 


* AtiiELtlt Monthly, VoL XXT+ pp. 4S3^-4§4. 11970. 
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A Rockville, Conn., correspondent of the Cultivator and Country 
Gentleman 31 contributes the following on the Baltimore oriole as an 
enemy of this pest: 


Speaking ta a frlcnj to-tay renaming the remarkable absence of the tent- 
caterpillar frutn qur fruit trees ttilN- nail jqxH-iilntliiK up to tiio cairee oC it p 
he aeked if 1 kmov wtat an enemy they tad lu the Haitfmure oriole, On my 
replying In the regatta* he related an Incident in point which I thought might 
tntmw your readme as it dk t me: 

Being out lu the apple orcbanJ. he out Iced a large caterpillar's not a t the 
top of a tree, and* while thlBkbg how It could be r*ached H an oriole Hew Into 
the tree and, spy log ihp nest, went to It at once, tom St open with Mb btll p and 
prewaM to devour she occupants greedily, Seen, however, It flew away, hut 
mttinned speedily with Its mate, when the two tmmed the feast until appar- 
cally not a slhgle worm was left The next day ulL that mmalnul of the lute 
shriving colony or to Indicate Its ever liavlpg existed were the sJimhi and 
Kattet* of the once populous canopy. 

George Donaldson* of Wnrrca County, Ohio, in el letter (Oct 18, 
1885) to tho Biological Survey, gives the cedar-bird great credit for 
devouring tent cuterpLUurs. H 0 states that ^the codar-birds ren¬ 
dered great sendee by the destruction of the tent-caterpillar in our 
apple orchard, which, after a great deal of labor, we could not free 
from them until the birds came to our assistance * 

Speaking of another bird enemy, the yellow-billed cuckoo {Coecy- 
zw amerieomtf)i A* W, Butler says 1 “ 


Few hirdA are of m much service ta da? Innuer. E^peduTly am the fruit 
irrowons and nurwrynKm Its ta&tom In early spring they lore (he orchard - 
1 have known them to destroy wary tcntnauerplilar lOftaiurampre amerkmm) 
In a badly Infested orchard and tear up all tlip ucata in a half day* Whlb- iln-y 
may tare eaten mmc eitefpIlInlUi out nt mc«t of them the puoen wem Jfqwetad 
ami the hairy jildn dr«jpirtiil to the gruumL 

Alm o s t identical testimony L=. given by several observers Quoted 
by Forbuslu 13 

The doscly rektfld forest tent-caterpillar {Mvhwet&m* dintria) 
is equally relished by the otubo and other birds. The fondness of 
these birds for it and the results of their warfare on it are de¬ 
scribed" by Mary B. Gherman from observations in Ogdcnsbure 
New York, She wrote on May 18, 1000, that— *” *' 


Hie tew,. Is fall >■{ tilnfa. am) they are data* goal WO rfc f«*LW „„ tJi(J forwst 
tem^terpllian, • - * The EntfUh „*rv,™ has , wo ^ t<t ™ 

ami laat Manner they airock*.) the can™, ana foi ot, tl.e 
motlw. have an nawnd nemlwr ef oriole*, which t have seen teedlr,* an 
the cmlnrpBtolW 1 hare ah- «.-cn ihe yellow and onenl other walhlere the 
yeUaw^U^ The whin, the re d-r-^wlng, nn<J , l 


* ToL XU V. p W, ISTC -— 
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wren fetHllnff mi the caterpillar^ The mnpies Iti front ol the haww have been 
Ailed with warbler* all of which wont very bu^ with the trunks itml branchy 
ami ytsiienLay I ooioa live varieties 

On MAy 2G she states: 

We have practically m forest tcnt-cmeipliturft In town. They hatched In 
laj-^o frambe^ but the cold evidently killed muiiy and tbe birds appeared to 
have caml for the roinainrler. 

Even so tenacious u pest as the gipsy moth is not always proof 
against losses due to birds. E. II. Forbimb states- that— 

InflOinrca wmv n^mled during rht 1 State IMeesul'IiobciwI campatpin against 
Lbe gipsy moth, from IBttu to 1&K5, where email iwlntml moth colonic appeared 
to hjtn* been and oven n until dated by blnk A -^Huu:- outbreak 

was (lLs(Hw^r 4 Hl hi ilvojtficiowu, Hagsarhuaett* I a litth It ha«l been In ox- 
EMience for it Ions lime, hut Its mircttil bad evidently iioeu limited by the great 
number of birds that feeding there on alt foram of the moth* Several 

months later the State atmnaonqd the work against the moth end little hope 
wn- 4 ? intvrtuLned iluit any thing more Lb an a Severe chock Ijhl 3 been given the 
luKect in Georgetown, Nevertheless, In Lbe sLk years thai imvc ^luee elapsed 
comparatively few moths tmvc bneo found In that iwnlHy* The mont feasible 
explanation of this ms to be that up to 1GU0 the birds have kept the uinubera 
of Lite motlbl below the pulat where they l^lu do Eipprecloblo Injury. 

It has frequently been remarked that few birds attack any stage 
of the tussock moth {Hmieracampa kuco$tl<?ma) . but the English 
sparrow, the Baltimore oriole,, and ycllow-billed cuckoo are known 
to eat the larva, and Llie hairy woodpecker, acconling to Dr, E, 
Sterling, of Cleveland, Ohio, sometimes is on extremely effective 
enemy of the m^ock moth or, as he calls it, the New Haven elm-tree 
caterpillar. Doctor Sterling says: 4 * 

In the trummer of IfiftO llte elnm alune Euclid Avenue, especially in tuy vicinity, 
lvs-re Attacked by itir? M Now lie rim vim- tree caterpillar." Fear log a re-petliloii 
of their trouble, number# or u> rough r iIn- cocoons lu the fait and destroyed 
tlmtuuiiHl* but when winter Hi t In ten.s nf slUI remained cm the outer 

hmnrhOB beyond remih. About slu; 1st of itavnihor it pair «f hairy wood¬ 
peckers f/>rpolmb\* ctfftirfifA) marie their appe&nmrc and fed dully on the grubs; 
Ln Urn course of that month uftd tbe heft over u down of the birds wore added to 
the number and by their Industry an Ebb iwrtlcnlur pest attracted the uifciitlun 
Of all who passed. Rufili 1 * It to fifty that when March Millie not ,i cocoon wita 
to he seen lu those pbii^es where the brandien were literally white with thvta 
before* and more. ihls is the last we ever saw of the New' Huvt !i viator. 

The tent-i'iiterpiliar, the gipsy moth, aid tussock moth larvae all 
belong to the class of hairy caterpillars which cere formerly thought 
to be practically immune from attacks by birds* But this idea has 
long been disproved, and instances like- the ones above quoted con¬ 
vince one that hairy caterpillars are by no means distasteful to birds. 
Two other cases may be cited in which infestations of hairy cater¬ 
pillars have been subdued by birds* 

*r#efnt mirth?, p. fO |I«H|. 

- Ihycei Lite, LIE. P. m, 1SUL 
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A. W. Anthony states 1 ' that— 


Iti SOU (Lem California Un> passim vine Iti everywhere I n rested by n red bu t¬ 
terfly (AffrautU rimlllae), the Inn 1 ® of which (feed extensively If mn entirely 
u l" m | 'lit nt. So i;real la the (lamnM Unit plants (ire often completely de¬ 
foliated uud Ikssiiw hu inisfijflitly Mint In jtunie n^a&# many Lore distioj'ed 
thoit viocs n»d rrplaeiil ilnui with other species, lens di 1 *! ruble, porlmiiSi but 
less npi to breed a horde of pests, 

Xot loin.tr Hlntv I culled on a friend living In the suburbs of Ssui Diego who 
Luil a large number of tntiTsrinily thrifty jmrelott vines climbing over bis fence, 
rptin Inquiring ibe reason of their freedom from what 1 considered mi inevitable 
1*6*1 lie informed me that n pair of roadrunners ( Oeacoei'u* eallfvrnlnnut) bud 
for several months paid daily visit* to Lis vines, climbing through them bi nil 
dlwdliilu until tbe lest Caterpillar bml been rapt tired. 

Robert Ridgwity, America's foremost ornithologist, gives the fob 
lowing account of the extirpation of a colony of caterpillars {Datami 
integerrima) on blnrk walnut at his former home in Brook!and, 
District‘of Columbia: ^ 

We first noticed the ca turpi li turn something like two weeks ago, our attention 
l>elng ui tracts to tliem by not [ring several branches which laid twin Htrlpijied 
of their leaven. We then dtapverod tho niterjililara in clusters on the twigs 
tiiiij foliage, unit a little later a cum pact mmss of th+tiu, about a font Tung by (1 
Inches wide, on the Iwrfc of the trunk, n foot or so from the ground. Within a 
day or two of our first discovery or ths pest* w» «nw a yellow-billed cuckoo in 
tin- Ire* biistly rtiFBged in puling the nm-iplllarj. Lnter this wus Joined by 
another (probably the male), wltieh. however. „n|y made occasional [ vEtfts 
the tree. I Is time being ilnablUss-s luelnly occupied with Incubating or brooding 
The other cuckoo practically tired In the tree, being very Beldam EibH. ut. oven 
f-r a sburt time, and was to ]* recent In hla destruction of tbo catttpJMars 
tL.i( tvher.cwr out- fell ta tbc ground he would Immediately pillow it and then 
(Hopetub uurl devour It: uml inter, when few were left on i| u . tree, we nur 
him i-.i refully searching the ground beneath. The results of the work of tlifcfu 
two cuckotM |principally «uc of them} wa* that within a week the colony of 
i iitcniUltiM was alMuburfy cirurmbmted. and I have hot been able to ’<in«l 
one iu the neighborhood. (July 30, tEKXJ.) 


bmooth caterpillars are caton by almost all birds and usually j n 
considerable tiujnlwns, Nona are more suitable for bird food than 
canker-worms, a fnct that has in many coses Jed to great roil net ion in 
it mill let's of Jlie-t insets. O. E. Rremner, of the California Slate 
Horticultural CunmiMion, communicates the following observations 
on lords und canker-worms to the Biological Survey {Mur. 10, iflofl) * 

Iti iiwdtutrtrt. Dry Cr.-ek Volley. Sonoma County, there lma been a threatened 
jiti'iidon of tbc prune trees by spring renter warmt revyrul tl.utot h„. 

“ «-r- b *""**'*- ™” “ - ikstss ss 

1 "V! f ' U *Z Sf "" " f blackbirds working | a lnf0Htl ,, ^ hliri! ^ 

r *Tr r i T np thein **“* ° s ■*»»™* «> 

by wM line d-irn ibi y will *1[ve itu] ratch hlrti In midair 

Mr Khriawn tdb ru,- of an ind.teal near Son Jo* where Ue canker-worm* 
w. re badly teto«Nt n prune ••rehdnl, ami wh™ they «uium TO vi tll irT Z* 

the land tbo blockblrdr okwihJ in In- attnmil by the water, abfi iJi.L ,! r 
days ilu-re mt a slngie xmrw |pfL inree 


- Anl. siv, p. im. 




SUPPRESSION OF PESTS BY BTRJ3S-—MrATEEU 425 

Prof. F, E, L. Ecu! learned m an interview with Mr* It, Kimbali, 
of Haywards, California (Juno ti, 1901), tlint several years ago 
canknrworms infested Jus orchards and threatened their complete de¬ 
struction, He handed the trees to prevent tbs lar \n* from ascending, 
but soon after this was done Brewers blackbirds discovered the 
worms. They came in large flocks and very soon not a worm was to 
be found. 

Prof. D. E r Eante, wlio up to the time of bis death was employed 
by the United States Biological Survey, relates how an infestation 
of ennkerwonns so severe that all the trees except poplars near hk 
former residence in Manhattan, Kansas, were defoliated the previous 
year, was checked by birds* English sparrows., assisted principally 
by warbling viiyos, but at times by warblers and other small birds, 
got control of the pests early in the season and prevented defoliation. 
A group of apricot trees near the house was so carefully searched 
that tha foliage remained in almost perfect condition. 

E. H. Forbush, State ornithologist of Massachusetts, records 51 
that— 

Mr. E. W. Wend, of Newton, a we) Mm awn member of the State board of 
agriculture Informs me tfmt during one season* when the JSprlri£ canker-worms 
{AnUopurp* rwraat*} became aiiSte nmnerotis In his urehard* a pair of EaHt- 
mutt? oriole* appeared umt built n nest Bear by. Id the menntjine tbfy fed 
dally upon the Cfmlcerworm-*. This they continued to do bo assiduously that 
lay the time the voulk were hjtuihed the numbt-K of the worms wore twlilrf^ 
ably reduced. They then redoubled their diligence. scmerltnes eturytag IQ ur 
morv worms to their nest □ t oaee. Soup the csuiker-wonus b that orchard were 
c tiling of the p art* The follow and fruitage were saved for I hat and many 

mwwHflfyPtrt 

Other smooth caterpillars known to lie sometime kept in check 
by birds arc cabbage worms, ground cutworms* climbing cutworms, 
cat alp a sphinx, tomato sphinx, and drop worm. The chipping Spar¬ 
row (SpfseBa paaserina) has frequently been recorded bis an enemy 
of the cabbage worm (Pontia r$pm ). Pr. J. Schwenk ssTO w of this 
species; 

By nwiilent t wap? observing the patch early In the mOTlnft. from tiny break 
to a short lime after HunrlHo, when I churns*! to find « number of chipping 
sparrows * * 1 LiikUsK waVms [cabbage wonus) ns bli-dty trs peaalb^. By 

continuing m> otwrvitiloiun T found rhls wa* the case every morning an long as 
the wtutofl lasted, 

Mr. J, E, Dunn, of Corpus Christ!* Texas, gives information con¬ 
cerning u destructive bird enemy of die cabbage loopcr {Atttogmphft 
frrtusfaft}, He is quoted 29 by Dr. F# IL Chittenden, of the Bureau of 
Entomology, to the effect that % bird known locally as jackdaw 
(J/ ojiiquhcaht 5 major) was particularly fond of these cabbage 

* IIAei Crftp Itpfci. D*iL &, p- SC- 15<M, 

».vm r Nut. xiv, y. iso. isso. 

Oft, £HV P Em L* p. IbO"* 
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looped. Thfsc birds would nliglii 111 the fields and feed on the larva? 
daily until they would dean them up and save die crop.” Mr, Dunn 
further remarks iu a letter tu the Biological Survey that; ** At various 
times they have been known to save whole crops of cabbage and 
lettuce when the cabbage worm or lonper was destroying them. Just 
a few days after 1 mentioned this bird to Mr, F. H. Chittenden they 
came into niv field niul whni worms the poison hud not reached they 
devoured.” (Corpus Christi, Texas, Doc. G, IDOL) 

Mr, J, L. Harris records 11 the fact that another cabbage pest, the 
diamond-buck moth alla macu t ipm nh ), was entire! v extirpated 

from his pul eh by a flock of blackbirds. He notes, however, that they 
tore the cabbage considerably in getting them. 

(1 round cutworms are it familiar pest to every gardener and 
farmer: they ate freely eaten by a large number of birds, and some¬ 
times, it appears, entirely destroyed by birds in small wren?, 

Mr. Cl, F. Clark, writing from Fast Northfield, Massachusetts, 
done "24, 1910, slates that introduced starlings 


Iwvc brea cojuplL-autt* among the crow blacfeblnls the past few diiv?, picking 
cutworms from u to catty mowed hatch by the house where J am atnylng. I 
noticed years uw>, amt JKibllhlird fn die Indcikrftdont. Mint we have u» ulitKe 
him m* lUllKclit In ilii' pymult i.r curwnrr.™; when 1 lived In New Hareo, 
(hornet tJ im u, my pluec was so overran with cutworm# that I had to give up 
UTiJng to noise early pad rind lettuce, Imt after the aiarlirij’s arrived they 
Fpeedjljr rid tin- jfilutco of them almost entirely. 

In further reference to effective bird enemies of cutworms. Mr. 
Irving C, Etnmitt, a Federal game warden, re [Hurts that— 


In lhe sjirlng iif 1018 Mu* (on kith i growers in nun liem l'mli ivero very much 
worried n in'lit the cutworm. The hunnto plants are gwcrnJiy *ei out between 
the L-r ami if'Tb of May. amt «lnrln s Ihla apring In acme districts Mn,,i u tr v 
h ’ ,r th * " f l!]t ‘ «*« Salt Udtft where the salt [a »r „ i W(D lh ;. 

cutworms won 1-1 a Hack iheae y-muc plaats juni MIM BfehtH v.iulJ cut down llri 
high as 10 M.TCH during the one night. It was twm Lot^I turn In fehls when- 
ibere ware hlrila. especially meadow larks, the cutworm did not bother the 
Irioats, eoreoqiwMly no lovretlsutlon was made tw to whether the meadow lark 
WUK attacking the cutworm. Together with me county at**, writer 

mu among ..tflferett SeM* and f«mm] (hat wherever there wore mu. 

larks la the ftdd the tomato plains hail [mtetkullj- left aim* w«km«l 
on-j meadow lark while la one of the* fields ern.l u| H .i, aiamloinc its stoWh 
foaod it coatalnml »i cutworms. Since that time the farmers ?*U SSTta 
reistne dtotrict have atwouresed the breeding r ,f meadow i dritH , 2S 
fiud Ibaosarnfa there now where there were only hundred, 't wfonf 'JUJJ 

2 «j 2 r rrr:,"? “• •cr* *»»■.iSiSl/C 

dIH previously. In fact, the tenner* look upw, the meadow brL a, «XJr£ 

tlhsm. 'Ind If any.- was fumal shootJoj,- „ xu^ili w i nrk m this dist^ .? 

mlghL wo Wry linnl with hi trIct ^ 


»TmR*. Minn. Hurt. 8 *w.* Jin.. ISTu. &. 
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Respecting the Fttpprcasion of climbing cutworms, O. E* Rrmnncr 
stales {Pan Francisco, California, Mon 16 * 1008 ): 

In the luring of IBOE* a specie of cl imlilciR cutworm, t am flnnbte to suy 
what one. itttuclretl the vineyards of the ltatSan-SwfcK ™lony In Bonmnn County, 
on low land itlohje the Ruslan Hirer, and before we fctml a chance to itu 
£i!iy lIj itm hail stripped 10 acres or more of every rwtlp? of green, even the 
atoms and foudsk bile* trk she old wood. When I strived oh the scene where they 
were destroying thousand? toy liamlpiekLns I found large nittntoers of crows 
n^'mhled [which] * ■ ■ were htulty cn^netHl In hunting not the tel wnrtuu 
Thm* hEis not been n repetition of the Attack since, and I attribute this at 
lea?t partij to the crows. 

The catalpn Ephinr (Cei'dtamin ca/alpm ) f which sometimes rapidly 
defoliates extensive growths of cate I pa, is said to he a favorite food 
of cuckoos. Judge Lawrence CL Johnson b quoted** by C- V* Riley 
as follows on this subject: 

While lying 111 a few <layB at a hotel In Eutaw - Alabama. [ oonlil hear the 
well-known of tlic#^ bln Is as If In uncommon numbers. A Jnrgft water-ewih 
(Q phcUoa) shut out tho prospect from my window: hut the cue&oos frequently 
lit in Ilf elviiii? me n good flew of them. There they were, both species—ftorryju* 
and C. tfmtriedf um, Tin- latter is more nomertm-t In the 
bottoms, but the rlvt-r La only*2 mites away. Tfco question wish th>* stek man 
wob, What tmilil be drawing thew shy bLnte Into the ml dm of a city? hiaiei 
aa 1 could walk out the mystery w.js captained. Across she street stood a line of 
CtLtulpn [biipwnivufrx K Every caterpillar kils cleaned off the upper branch** 
Not fftiiT to be found much defoliated* except very near tin? ground* 

Another sphinx caterpillar, the common tomato worm, although a 
large* repul rive-looking creature, is eaten by several kinds of birds, 
and at time* by the crow, at least to n very effective extent. Mr. 
Frank NL Wallace, State entomologist of Indiana, reported to an 
agent of the Biological Survey that he had observed crows clean up a 
potato patch infested by tomato sphinx caterpillar^ eating some and 
killing the others, and Mr* A, IT, Butler, of the same State, says” 
that an observing farmer near Indianapolis reports that— 

A year »t two o#t> hla tomato patch was infested with Front numbers of 
worniM, mid he was coin pel ted to wage reteaiicsa warfare against the unwelcome 
vWtona On* day he observed a cmw acting hi an unusual manner aiming bli 
plants, Ut»u InvwtJgmluJi be found It was eating "tnniulo worm?/ 1 The next 
day more crow* were seen among the vines, and for n tew days the company 
Increased* until quite a number dally Bought hla tomato plants* depending upon 
the Insecta caught for thedr food. This was continued until the Fl wonna were 
all killed," 

The army worm, a pest almost m spectacular and destructive in its 
invasions as the Rocky Mountain locust, is known to be freely eaten 
by many kinds of birds, but usually occurs in such numbers that the 
birds are unable to cope with it. In some vases, however, great eseeu- 

fa Of*]. Ccjttita, p. 415-, 1S8-I, 

■ The- Birds of UtfUui, IS0O, p. 0& 
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tlon is done, rs described in tho following account by Mr. J, il. Ehoim. 
of llittrhiiison. Minnesota: 

Ojl July 28, 1620, u fieri* *! of out* wait cut on account or the ravage* of the 
nnny worn. In u very short time a targe number of birds come i» feed on the 
worui*, including the broiiro gracklc. reOmMicadcd bluekblrd. English spurraw, 
vwje>r sparrow. mid u few mlgmnt shrikes, 

<m August 2 ttu- army worm* left the mit Held and went to on adjoining com- 
OeliL This fl tl.l seemed covered with the blhls feeding on ttw a nay worms. 
Tim EnRliBh sparrow* would take two or three wonw at n time to feed their 
.UHinr, anil by i he next day there wore neither worms nor birds to be seen En 
that Bold. 

- NVur « cornfield, of which about » acres wen.* destroyed There seined 

to he no bints m tlwt ffeliL t>n August S they ittnc from the other debt, by 
Augunt 4 there- were only a few- worms la be found, and by August 8 there were 
neither worms nor birds on that ilchl. 

Tlie drop worm, or. us now generally called, the snow-white linden 
tuotli (Ennonto* subtignarixir), seems to be the special prey of the 
English sparrow. A. It. (irote, a distinguished entomologist, 'aid 3 * 
in 1S8S: 


-Mnny wlU rewlleet that tho mantaand .,th,-r shade trees |* Brooklyn and New 
Wk **** u ‘ "‘»'r-b'iely det.illuted by the middle of summer bv the c (1H[ , lu> n 
brown drop, or n»mirlna worm * - \ Tin- Khglisli sparrow rid us 0 f this 

milHaiiii*: It steewtj one of them. 

•lolui B. Smith, entomologist, of New Jersey, made the following 
interesting observations« on the relations of the sparrow and this 

EDSBCti: 

On the cwenUHt of July 17 ( 18001 . Newark, Etbrntadb. Patereou, j«** C Jty 

,11U ... vt wiwmdtar too®, were treated i, q iminu,. mpHince u 

v<T 1 t:iMe swarm „f wotalis ur-rbH Hying nrmmd the electric ihjbt* ajl( , 

(be "Wrsniiuv <* u tn..v-:-ti>run In mlrbnmimer * - *. On the tuornlng after 

tho UlRbt tho -narrows apparently tmne very bu*y «Hm nf[tT duvllght ul vi 
nil ibut was left f" timrk n wit* noincmuH i],mntitles of win** wiihr.ut 
Ih-Mw • * * This Sight w« Cttnpoaed of Individual* „f vh(f tm.w „(,[[* 
Woua. known everywhere half a century „ tht „ f [hl , „/“ 

11 «“ 61 ,hrtl »*“ '*» abundant and d,wt«M-Uv- ti^vS^L 
iascot lu the eastern ratted Stattw. and it* ,iu«iii:Ih.re, fading UM)B rrlll 

the Shade lr.~>. were a liulwne* by their iu,Mt of AuspenHimT them" Mvw bo 

ZX SZt “**■ «"*«>* vm 

■i..«, w .. 3 ; STSSSSl?^iT‘‘ 

this foreign bird lie Introduced for the specific imnw . r', thftt 

” won,...- The morrow- M their work vu^ j, witb 

(ttUufw prartlcally dU4p[>eon>i from the cities, ** ’ J ^ 1x1(01:6 col*r- 

Glunt. W. Herrick, in n bulletin of the Cornell Umv«rity B«*ri 
merit Station, sums tip the evidence us follows: 3S 7 ^ 


Rot xv. P . ms. HAS. 

■ ll*p >\ J. AfT. Eip. 8tn. p pp, 5|ST-31ft. idftfl 

* iiuL m ^ lfliO- 
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The testimony regnrdlng flu? Activity of the English sparrow in extctrulumlEMr 
thin hi dries seem* to *how ml her coneluirtvely that ihLs much disliked 
bird did iM tuuSh- bring about the desirin'don af this Insect, Neatly every writer 
tin the snow-white linden math toshes acknowledgment to the sparrow and de¬ 
clarer that the clttosowe their freedom from this insect to that bird. 

MokI of the records quoted under Lcpidopteru refer to the warfare 
upon larvae by birds, while those under the snow-white linden moth 
refer in part to the destruction of the adult insects. Lepidoptera are 
occasionally effectively attacked also in the cocoon or chrysalis stage. 
h\ M, Webster, late of the United States Bureau of Entomology, 
notes ST that at Waterman, Illinois, only 2 out of a total of over 20 
cocoons of the ceoropift moth {Sarnia crtrf&pia) in a small grove of 
bo^ elders had escaped destruction by hairy woodpeckers (Dry&- 
baita villv&wt)> 

The coeoona and eluyealidfts of the codling moth also are favorite 
morsels with many species of birds. It has been iiscertainc< l by aetunl 
count tli jit in some tau lilies from W to Sfl percent of the hibn rsnting 
larvae are destroyed. Thorough search often Mis to reveal a single 
cocoon, showing that birds have devoured all but the inaccessible 
inrvfte and pupae. Mr, A. i J . Martin, of Petaluma, California, at¬ 
tributes valuable work of this nulur* in his locality to the rad aimfted 
dicker (Col&ptt'A cafrr cottar!*}, He says: “ 

In examining the ere view nnd bark of the trees for ooffltas moth larvae, I 
fallal to Und any where Un-re were thousand* last foil. This flurprlfnd use, and 

1 themiUiTL commenced an hm^r i rUseoveieU plenty ... but 

In every enw tin? former occupant wu? &b*cnt Being too early In the wmn 
far the tnnsfomuLiton Into the moth, and also Undine none of the discarded 
"sklno™ or pnpt mm usually left by the umrli whrai It emerpr**, £ was at o 
I 0 ® 5 fur u ttme to ncivimit for tlirlr dlsaiquunuicc. But after looking m 
both sld*s the mystery wna hoLvhI in a dt-grce p for In the senEea of bark over Hieh 
coccu-n I round small hole#. I semi you samples by mall. 

Evidently tbtouKh these hoiea che worms hail btten drawn out, Now the 
quosdou arises, Whni made tln-se Slides and extracted the worms 1 My bdlrf 
tbut IE was done by n bird whose ontlthuhiglciil epithet I am tmacqtHilmed with, 
but which is variously called M yeUewdmminer;* fc| » -‘high hole/' etc. 

DdtIii^ the early spring months they were In be seen by the bund reels In my 
orchard Industriously examining the bodies and larger limbs of the fruit 
trees. I stiNiHH'itil at the time that they were Ln search of iipplo worms but did 
not then know that they could locale the position of the larvae nnilc-r ibn bark 
and dig through after them. What induces me tv think that they are the parties 
tn whim ihr credit is due is that I observed Kraut number* of them busty 
around the shed# when I storeil my wilder apples and pears. Tliey got every 
worm Uaii they could reach, even picking boles deeply into the wood where 
there were cocoon* In nail holes or ereilces In the hoards of which the sheds 
were constructed. 

As the result of Severn! hours' search nl various times before the-moth 
emerged, I foutwl only one worm, and he just escaped by the “ hair of the teeth, 1 * 
for ihero bad been several taken out within a quarter of no inch of hi so. 

* At®. NaS. IB, tip. “41-243, 1SS1. 

■ Pariflv kuriLl I'reM, VoL XXXlN, Na. 33. p. 6flU r Jane 7 + ISflOu 
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LIST <>F INSECT PESTS AND BTItriS MENTIONED AS DESTROYING 

THEM. 

R'xiky Mountain locust. f Mrlaj.ophm gpre- 
tut . .. . ..Jack sniper rGaf/ihepo deHeata), 

Chutim f jVuiruTirtfj sp r ) 

Upland pi iivcr i fl miftiii H i a tonyicaudu). 

Flora. 

QualJ (QAinuM nryuiwjriur}. 

Pttirio-Chickffli ( 7 ympan amtsimUM i, 

Bbckbmi^ 

Ydlciw-hf»ded bliekbird {Xfmtho&phnluM 
UmthDtvphaiuM). 

Bobolink otynmnu ), 

Western inwdowlmik (Stumdfo ngpbtta)* 

Ofiokn. 

Spftnwp* 

Hbbin (Pbmtttirus migrat/yniM)* 

Mrrnnon cricltrt (Anabnit impta)...... .rsUtomiagull {Lanemfi/amicut). 

i.uuieir cricket Kttmnvhm «u6nmHLi.,.W<steromeadowlark (Stonw/ta negU&a). 
Periodical cicada iT&lr/n i.. ,t 'row blackbird jQuirnrfusfui'.rcufa), 

Englinb f|»mw \ Patter d'mtliieiu). 

Row Aptus f Mocmiphum riaa0.WhittMrowncd sparrow (ZmotriAio leu- 

coji^ryj). 

Plant lien (Apttfe)-----Myrtle warbler (D™diwcu toronat*,. 

Black poll {Bendroicti Mtriala) m 

Orogun chkadw {Fcnthum ^irimjnlluA 
ccririfntatit). 

Pea louse i Xfttanphom dnovetar)...... Chippy {SphtRa patvnna) 

Pear poylh* (Pjyffa pynenfoi ....Wfaitr-bltaaied nuthatch iSicta WlW 

riik 

RUrk <?■*“* f* - ■ - ■.V alley qllail Uru^/un^ oalltotaj. 

Potato beetle (Laptowtor™ tfatttHwfe). -Row-bnastod giwbeak fZotncJWw ludmi- 

rwn I'J I r 

, * ^ pfpmllLiw (PftTntMidnn luftifttmi), 

A-pwugiM beetles [Ctkw. oxjwraj, and English spairow (P««r 

C. If-jFEtnetaffl i. ^ 

Elm loabbeettc lOotomuIfo fatfe*}..< War-bird UhmbytWa mhvrvn). 

Ler^tleobmuiertO^totoireMli,).YsUwdtflled ruckeo < Carryrui ^ 

«m <«>,*• 

Kingbird (lynuiiir (ynmaitt). 
fimit-rrwted flycatcher < Myimhwt enni. 
to*). 

Phoebe (•’>ftyornii phixbt). 

Wne,l pewee {iiyfiDcAencj rirpu). 

Orchard entile (/ttmu ipwita), 

Baltimore «io!« ilrkrui gnlfmla). 

J'“* U * h sparrow (/*,««, dbrnoNaua), 

(Tuppy {Spixila pttMrrfaq). 

Field sparrow (Spfeajfa punila). 

Song sparrow t Ifcloapia, etrlodw). 

1 howink 1 Pipifo ctythnojAihaltnvi ). 

f ard i nat (I WiWti oardiittflii), 

« ___ Scorbtt taiL^.r ( Pirmya cry (An™, fa,). 

*Lirt to niokq|ie»l^umrUiii- I?* imt, " ----— --—- 
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Plate 3. 



Chippikq Sparrow. English Sparrow, 

R06EN- 

J.'jiiH-f Mi TlUiEarniMur I4rt Lb &n pedalrnemy pf prcnfeti Liu*tdJ*ml hua Usfcn kuuittitouoti[i&l f«*j 
i n fcKULtkiru oC liw r*a Unt* ind rtbEinpr wenn, 

1 iLrlit. OJUin a isuLtajiCr r hu| alw nu cflwitU'B daitraver of miraarwu Ln^nioLU Im.wl:, Hern 
df^'j^umL 3 " at ™ m * * 1 * wak* oj lIlt pcdii'JjiVI L-k«*.tA P ajpUUftU bwUea, cjulLmt* arm*. ackd ihc 

Urtrr dcurt. Tbo l^kiLown hlnJ In l 3 h- Uaiited Eat.-. muds fntll ami ttrttaKrmi, Emit 

LllJUfdoij.H ili>ect^ aj^a- Uftl twJpod In suMutf luL'frl IFniptllHl.* oHbr Havky JditfffltHln lut^LSl, Milts £TUL*, 
JUIll Li'DlmlL'TI iLLaJ*. 
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Ij&luhI U^l-nuucr (OrtMtofri tifawAub _ + ,, ,C*d*r4?ifli HriraHiun). 

Red-eyed vireo ( TTrfdJtylrfl oti Micro). 
Warbling vire& ( 'Ftxmfyft'd jpVtfi), 

TuIIqvt warbler {Brtuiroim jr-dira). 

Catbird (Dumdella osrotinam}. 

Carolina irt.TT4.iii ( Tkrfotbonu ludavidsmi*). 
Whitegrulm(F^tfbpAoga up.}.,..Crow [Centu brndtyrhynrhoi), 

Robin {Flan&tvrus 

fl<wu weevil lAram%$ttM/ul£a%) *. ........ Brewer's Muck bi nJ {Eh /JWiyfjj p^iinDa- 

Orchard tent-eiitcrpiUiu' i .t/aiaj5p«fljia Y-dUow-hiHerl cuckoo {CoGt&tU* tmuri- 
amrruunii) „ tiXtx bj) . 

Blue iny [Cynnoriita criitalo)* 

Orchard nrinle {/dmti jjmrnt*) . 

Cedar bird [B^mbydih mirormn). 

Fowl tent-imUrpilkr f Afdaroramd: <K*- YeUaw-bilJod curkoo tCocrj^M# fima-i* 
drift)* rani£j). 

Baltimore crioia (fitrruM pcdhuifc). 

Ecglidi sparrow iTcavt dbftMtieui). 

Odor bird (ifani *n7fei s«kmm). 

Yellow warbler (ftfn&Qim *jrira). 

Robin (/'fondfiruj mi{p^dOnm}, 

Tussock moth (Mrmmffampa truces Hairy wtwdpecket CJ^kiu viKdJtu). 

Pasaiaa-vlne caterpillar {djrrmdif wmil- Road mnncr (Onmcyr roi'i/arnuzniif). 

Walnut caterpillar (to otr mlc^rmma}... Yol low- bille J c uckoo (Coccvru* ontrmitu). 
Canker-worms (all probably Pukncrii* Brewer- blackbird (JEttpAflyuT njana c*- 

plialtu). 

BaHimqte oriole (/cbrui £uJ£u&;). 

Ivngh"1| sparrow s/ J riM«-r doutfil&uj?. 
Warbling vireo \ I'i>n»ghru yih-n}. 

Cabbage warmtfWia rwjj*^..Chippy 

Cabbage Inoper {Au&tgmpha . ..Bunt-inilcd blackbird fif^puguikiafuj mo* 

jbr ) 4 

Diuncin^lnurk rjmlli ■. / J /ufr?Jn hiiafulipi^ Blarkhirbr 

nil}. 

I. ttbnxiQI (AWuifaT) ...„,.. , L , .. , Starling uS7ifrrjiJLt ridgwrij). 

Western joadorliil [Sitmt!h urgtcdUs). 

C:titul>i Dg culwuruis --- TOmtera en* {Qotvm kvebyrkjfnchot h*t- 

P*n*}, 

OUllpupluiK (CerlteniM . „ ..Tdlw-Ujltd (-HekMI (CcKrynU amtrita- 

nus). 

Black-billed cuckoo (CcxryriiJ nythroph- 
ihulmiM)* 

Tomato worm f Pmtnptim osmtim )— . .Crow (Cerrus hfw&ffrhyntftm). 

Army worm (CSrphix uaipun^ta) --..llnna-xc graekle (QuuozIlej furViifa rraui}* 

Yellow-headed black bin! [YrmlAwfptarftr* 
TanthocrpSalttM). 

Eqg] mb sparrow {/Vfcwrr dumtiiicvs}. 

Vteper sparrow ^i'wn^ jmiutricui). 
.Migrant shrike hdmdmm mi- 

Drop worm iEruiomvx rfuArij/rLcrriWL . _ English sparrow (Fw dbialtfia). 

Ccoropia malli {Xsirmi M^npurji,.. ilulry inoodpetker ^i>rpkita itWonxi), 

Godliug molh (Carp&npw pommirtfa) m _ _ < . Bed-Jdialted flicker {CaiapUs rq/tr cofCrr^i . 
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SUPPRESSION Op VERTEBRATE PESTS. 

Ttirds of prey often have been known tfl greatly reduce the numbers 
of injurious mdchtg, and lit the Old ov I. ] eiises are recorded in 
which birds have utterly destroyed invading armies of rodents. Xo 
smdi striking instances huve been observed in the Western 1 loiui- 
spiiere. although birds rendered valuable service in the Nevada 
mouse plague of 191IT-H, tin? only outbreak of this kind in the United 
States, that Jins been scientifically studied.*" It was estimated at the 
time that bird predators were destroying 100,000 of die mice monthly. 

I'ch birds are considered pests, and fewer yet of those so consid¬ 
ered have unusually efficient bird enemies. 'Hie English sparrow, 
generally looked upon as a nuisance about buildings, but whose food 
habit-?, as indicated in previous pages, have many good points, is an 
exception, in that crows, particularly fish crows, which often nest 
in or near southern rities, sometimes rely upon Its eggs and young 
as a steady source of food. Occasionally the activity of crows in this 
direction results in a noticeable diminution of the number of sparrow*. 

Prof. Philip R. t/hh-r. provost of the Pculfody Institute, Balti¬ 
more, says : w 


,w way, .mil a very peculiar way, of ituttlnp a eh.wk r„ t the sparrows lias 
be™ bronchi to my attention. Thre~ y W i* „bo ,t ie puabody institute was 
Kimpiy swarming with swmm-s. They built mists In the hoUcnni t»r the ImiuB- 
traile an the roof, hi Ihe rnln-plpe jmtuir* on the <wtension*, and flattered anil 
flew all over the place. They were Inylac hundred* of eggs upon the roof and 
about tun] laid Wltiii mi hold as to,fly down the ventililors antklit into the 
library. They were almost m thick on the top and *!«],!„ of Mr.iwi Vernon 
Ilniv Methodist Ei-isnjpai Church, Hi res* the stm t. Beside* iht» * ur ^ 
was already tenanted hy about m »t more |>lgwrns. leapt by the janitor of 
thi- iastituie awl hi* son. who Bet their imp* tip there ami Uh] them. One ( j By 
I noticed a crow on the cm if of our building. | saw aim luofc about curious Iv 
up. around, and down where the sparrows' nests were. The next thins he dlfl 
wan to m to work on the «p. A few rluys passed. and I saw him again, 
thfe time ueeompui.led by two ether crows that wore at the same «ohi-tne. The 
crotiTii from that time on lucraawd until 12 came to that spot 
Meanwhile then- was trouble among the spnm>w» and the pigeon*. Their 
eggs were being on ten nt an alarm Ine rale, am] they were obliiq-d to so An,! 
go they did. no that now there Is not * sparrow to b.- found on n tl r roof or 
uhoat the Institute where before there wore hundred* cm the Mount Vernon 
Plan- Church they have wished In the ^me way, and tb* pf|tl!0ttt Ulsew J 
haTG d Isa neural 


£?UI*T p ftESf5tOtf OF PUNT FESTAL 


Most pests among plums cite known us weeds, and h v f nr (He ma- 
jonty of weeds depend upon seeds f 0r their con tinned existence 
Many species of buds devour large quantities of weed seeds but 
this work is a specialty of the sparrow family. Where they 


- Firmin' tint. 3f-X T-t* 21-S2, nn.1 Ymrteot tf. * fwtit. n f \tt ZT* 

# Fernrt sail Stnui. 61, p ii«* ltn»U. p W AfT ‘ ,W>8 - P- STO. 
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abundant they destroy tom upon tons of weed seeds, but only rarely 
aiv they abk even to locally extirpate uny of the very prolific plants 
known ah weeds. Dr. Sylvester D, Judd, late of the Biulugical Sur¬ 
vey, gives the following instance * 3 of great induction in the mim- 
Ix'FS of weed seeds; 

On (mo of the Mao Lund farm.H visited Lo ISOS im> sparrow,*, fax sp cim^^ 
wld£e-throated sparrow^ soiji? farrows. and Judah fairly farmed daring the 

month of l v. ^Enlh-r in Etir- hr ter* 0 f the ifltehe* botwmi the cornlkdiin. They 
eaitii' Into the oimsh thrills fu fet'd cm Weed and were mwi ttetlvu where the 
nniirtwwd form**] a tangle on low crouml Lit ter In the the pruoe 

waa carefully oxamined. in a cornik-lij, nestr a ditch, the smart weed formed a 
thicket more than E feet hlidu anti the crouml iKtneatb was literally black with 
seidiL HtnmlmiLloa showed that these Matt- hiui been cracked <>| on llil. 3 the 
meat removed. In a roctaegvlar -race of IS square ineb^a were found l r 13tl half 
M-^ds anil only i whole Heeds. During the tawning scumm no g man weed grew 
where ihe ainarrows catotH this estemive Jetitramom 

PRACTICAL UTILIZATION OF BIRDS IN SUPPRESSING FESTS. 

Sucrxwfnl utilization of birds in suppressing pests lias been made 
both indoors and out. In the former case birds hove been captured 
and confined in cellars, granaries* and greenhouses* and in the latter, 
farm practice has been modified to take ad vantage of beneficial 
activities of the birds* or the number of birds on certain it Mas hag 
been inermsed by introductions, by protection from enemies* by 
furnishing nesting sites and building materials, and by supplying 
food when the natural supply is scanty, Experience shows that 
efforts to attract birds bring their own reward. 

Taking up first the use of birds indoors t we present two accounts 
of tlir successful utK j of owls lu destroying rodents, B. If, Warren, 
formerly State Ornithologist of Pennsylvanian, myn** of the screech 
owl (Wtbj* ): 

iyQttte few years ajm an neciuaJutiinirt of mine ptnral two of these trials la hi* 
cellar which Was overran with mice, ami In n few weeks thp- flare whh dejmpio 
latetl of these tittle faur-fboted pexts. 

The late Dre W, L, Ralph who was curator of birds- nests und eggs 
iu the linked States Xatimuil Museum, furnished the following note 
regarding the barred owl {SMtt vaiia ); 

Ar the Otfiliti enmity Brewery In IT tint a Enlxfelhir wrus nacri for Merlng large 
atiantltlee of barley. The rats miujtj serious Entomb* on this ftmln and destroyed 
at ItHJit &S00 to £1,000 Worth yniiunlljv F«>f Ihe purpose of lessening IJiH ilum- 
rata wero plnc^t In Hit? aubadlar on several occasions with the result that 
when tho doer wits opened In the morning th&j rushed out thawing every Iftfll- 
eattan of fear and desperately restated uny attempt mudo io take them back. 
At l hiF juncture two boys brought an owl to tbo Doctor wim purchased it %\th 
the bleu of liberating If so soon as the slightly Injured wins halted, In looking 

"Eld. la, nioL SarT*, pp P 27-Sft, llKU. 

« tllnlH of t^Baptlvjiatn, n- 1S0O-. 
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About for a place to fcwp It rliirEttsr convfllBsceDce iw? rhougit of the- aubcellar, 
which ffu JrunwiiELtrii- Htted op with **varrti fierriicti. Tilts niotnfcci^ nflcr tiia 
OW] who III tills cello t* 9 Roadless rats were funnel, a mi for the neit three 

monilie varying numbers of hcadles* ccrcn^s were found dally. About this 
time h however* the ruts were hoot* ml he &o aearee that the awl hiul to devour 
the entire animal to seenre oufUdenl food, and dually had to be fed on raw 
ku^il For nearly 10 years aho^vaain practically no ilarua^e was done hy tuts 
in this cellar. 


Birds harp also been successfully employed tn destroy insects In 
greenhouses, Tti a letter tn the Biological Survey. March 57. lf#3, 
R. Bingham, of Camden. New Jersey, says: 

t am eaengcil In iturkei fjanleninsr both under clA*s with artificial heal In 
winter, and In the open Held la summer. awl until the past two years UM *j to¬ 
bacco smoke twke each week to keep tn cheek the npkldca or plant lice in oar 
plant lroa?w*. Hut as nii Insecticides while killing the insects Injure u.e health 
and dwarf the jrttJWth of plants, i tried the more natural, 1 think the more 
wonrjmlcuk ami certainly the pleasanter remedy, iiinle. First tried the lullin' 

blnl (Cijanotpiia ciitnttny .. u,l though n seed-eater It prefers insect*. Eelnj; 

rtnmU it runs under tin 1 lettuce Ihmvch mill sometimes dlsnppenrs for severe! 
fin'i. Also hove a pair of uiorkinp Mr la (J/fniu* i in each ptnrv. 

One pair of mocking birds tins taken care of the oltlc garden 20 by •«* f getm 
One pa'r of tjHwIdoif hinds, a pair or nanp sparrew* (ifelbxpmn niHorfmi, a 
snow butt (Ink t IVertrepAejiff j *ipoK*l nad H winter wren i.Va-niHu Jliemdfir) 
have kept the Insect* In check In the Inrjjtr jdant house 25 by 250 feet. Tltm 
bad re licit less losect trouble, awl healthier find better crops than when ! 
smoked the houses twice encii week tntdn? one hour of time for each smokln*. 

The more natural and desirable use r,f the services of lairds, of 
course, is that made out of doors whirh has been done bv modifying 
farm practice totake advantage of the normal useful habits of birds, 
by introducing binb so as to increase the number in a given area, and 
by augmenting the bird population by bird attraction methods. 

As an example of the first class of these uses, we may cite the 
recomme ruintioos 1 ‘ by Mr Norman C riddle, of the Dominion Ento¬ 
mological Laboratory of Manitoba, for the control of white grubs. 
He says: 


BEnTa are mast persistent follower* of the plough during ttielr breeding sen- 
eon or while mlkTatlng. sails and (eras from May ifl to June 22, and for a short 
time lute la July: crew* and blacttlrte, laded ho; uraefcle*-, from the t Una 
snM uppenr In May until July 1. ■ • ■ Tn ntmln the bwt twalbly r«nTt* 
ploaghlm: should be don* beiween May n mid Inly l t and nt ut, avernw ,wh 

rnpue It. Bcpti'Whw. h ant n prnrtlcnl means of <u*trena* white Jtu i*. 

.it tlu.l time have redrew.ted into prepnretoty mU-rMInTs mihw^ l 

nut! are theu mere Inhabitants of grain firtil*. Than, the *mt* r™,llh- „ V 
rhHr way into the graonij ft CT la. *™ W * mtdte 

Th, tatrndurti™ „( bird, for (hr HmUati™ of peu « , «, p 
wfarh rtimbi bo '..km ool, withu 1 11 , limit, of mmi.or f,u ms 

“ fisr. on, Ca»e«. rei. ft, ?»<., e. jf, r . mis, 





SUPPRESSION OF FEft'TS F\ RFRT>*—MrAm 


435 


with birds strictly under control, Poultry are so used against in¬ 
vasions of insects* particularly grasshoppers, and native birds havu 
been used in a few instances. Mr. Irving C\ Emmett, Federal game 
warden, reports on the usefulness of— 

the California Valley quail, which was Introduced Into Utah. some few yenm 
ago. for a while the fEiniiers objected to this bird* their claim being tlmt IL 
ale considerable of their grain. The alfalfa weevil wits first found In the SalE 
Lake Talley fuid grndiiDlly worked from there nufibward and west until it 
covered u great port of liie alfalfa district of the western part af the United 
Suites. Tt was noticed, however, that In Home localities the weevil affected 
the alfalfa hut very little, while In an adjoining field the entire crop would be 
taken. Upon Invent]Radon It was found Umf qnaU were noting la the fields 
in which the weevil had pot attacked the alfalfa. A number of the moat 
prominent mwere dim decided to Introduce quail Into their fields, and they 
were captured In the fall nud pul info hoses and parity domesticated during 
the whiter and then Utkou nut Into the alfalfa ilehla and released in the spring. 
In almost every case there birds reunified near where they ware released, and 
nested Sn the fields or In ttie brush near to them. In practically every case 
where these birds wore reload the alfalfa weevil disappeared, There Es one 
d [strict In particular where ibid method was Introduced, being a stretch of 
country about SO utile* loog between tin- cities of Ogden and Fait Luke 010% 
and the experiment worked out so well that the farmers In ihla district will 
not allow any hunter to kill any qunEl on Ills farm, nohvit hounding tEio fact 
thnt they are very liberal toward sportsmen and will allow them to hunt on 
ihelr lamia fop other birds, hut look tqwn the quail an one ef their greatest 
friends, 

Another instance involving the introduction of birds is reported 
by Dr. Samuel G. Dixon, late health commissioner of Pennsylvania. 
He writer:* 3. 

After trying the ability of fish to devour larvae and pup;ie of nraaquEtops 
with varied suevessp [ built two near together on the sminc jo realm so 

(hat each would havo the same environment for the breeding of mosquEnw*. 
F^icb covered nearly 1,400 square feet. In me 30 mallard iluekfs, Aniu pldfj/. 
rHirwha> were permitted to feed t while the other was entirely protected from 
waterfowl, but welt stocked with goldfish UaraMfu* -jurafu.«\ variety 

The one In which the ducks foil wim for Mem] month* entirely free from 
mosquitoes, while the pond protected from ducks mid stocked with fish woa 
nwarmlng with young Insects In different cycles of life. 

To the infested pond 10 well-fed nimilanl duck*, Amu pltit&rhwncha., wore 
then admitted, and as they entered the pond they were Dm attracted by tho 
larval bntruridiiua, tadpoles. They, however, soon recc gutted the preface of 
lnn p ae und pupae of the mosquito and ImuiedEnleiy turn ml their attention to 
these, raAenously ilevouriog thorn Jn preference to any other fdotktuffii present. 
At the end of 24 hours no pupae were to Iso found and In 48 hours only a few 
small larvae aurtlvpit. The motion of the water made by the clucks, of cauims 
drowned some of I lie Insect,*—what pruporthm rati not be estimated. 

For seme years I have been using duck* to keep down ma-tqullo^f la awEimps 
ihut would hare been very expensive to dm In. but t never folly appreciated 
* he high det-Tree of ofllcleney of the duck as a destroyer of mosquito life until 
tho foregoing tent whs made. 


*4*13 rn r Ainer, Math Ai*a r| Tel. Cfl', Jfa, 14 T p, 1203, Oct. a, Jpn 
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AX.VCAL BKFOKT gMURSOKlAK IN’RTtTfT(Oy, 1 Mfl. 

Boncficiril results obtained from Increasing the bird population by 
bird-attraction methods have been reported by various observers, 
among whom Mr, B. Tt. Bones, of Uneine. Wisconsin, gives tile Fol- 
I'H.ifur (tc.i.'ount uf some of the benefits he received Cram enconrfl^in^ 
birds, e 

I commenced ob a companicn nnd liariplo of Doctor Hoy over bstf n ccntury 
aw, ami have fitted my pint** for a bird paradise, with plenty of tree* and 
shrubbery «ttil ] nern of Liwn, Oratnenrfnjr with ti tangle piilr of gra rides 
about 2d years aao 1 have row over 20, • * « 1 counted IT nn the first 
farrow plowed this spring. White grubs arc about played out. and I hit re not 
seen a cutworm In five yearn. 

. k- Forbush, quoted a number of times in preceding paces, 
is convinced that bird nltruction pays. He says:*■ 

My first a < torn fit tit avatllnfr myself of the (wrviecs of the blnltt fa an orctiari] 
W!l * Hindi* In iSM-tV), * ■ * The winter h trite were attracted lo the orchard 
atnl frn[UF'HiK| the trees duriim the entire winter. • • ■ In the fall, winter, 
uml Kprlnjf they fieri oiyeil many thnusundB of the Imngos and of the fall 
«ml Rprtfjfj entifcer-wortn moths, the eggs of the tem-cnterpMnr. and probably 
UlNj tin- pBpa 1 und Imugew of tine? SfnIlEns &mLh, beside iIem?Mn t and other 

emu lie*, of the trees. when serins cam*, ofifum were made to atirari the 
summer birds to the orchard. TIl.--,' attempts tmt with such elf cm] guceeti thm 
ftltlmutth most of the eggs nnd young birds wore destroys! by cate, hoys, crows 
and other agencies, the romaJakp Injurious Insects were so completely dlsDowsd 
of by the lilnu that the tr,** to luxuriant foliage during the entire sutumer 
n,jd t*'*!™* » VMhl ..-rep of fn.1t. This occurred In n when 1,-th tin- 

tfiit-ciiterfiilijir <m.l the on niter-worm wore reumrlHitily bivalent The oniv 
ot!a=r nrrhinl Ini Jim Ttrlffhhorho«1 Umt produced any fruit whatever wmt that of 
tho nfflirv-t nelghlK-r, 1 hla bed been tartly protected by tarred bends aad nnrtlv 
hy the birds from my pin, KInhere It. .lie town most of Mm apple trees 
were defoliated, and very Tew produced any fruit Hint year. 

Mr. Forbusti found birds equally efficient in rtddinw u mnhn of 

wecila. 

In our WinJet. I ho states *J we attempted to ke™ the week in snhuw. „ 

TW« In 1W™. riniint on Impnaiblfitr. In 1901 it was » scrlnu* t«?li 

TT "t Z'? * W ,tU tiid late the mil. Jn loS 

tb. labor was BKh Ikhttwd. and this w™, In port dw to the b ln£ Mi 
fitraiers knew Mmt, while Uc«| crops , n the nul , H nuj> . , M . t " 

wecla, tt Is Impossible To wml n ^rnmh or melon r«itch without |n t l ,J 
[dan (a. Kuril erotw linorinblj tout the land. It is sis,. v ,.,, firm | 15 lhv 

uU remote ami bunmrs of fcUhi dear of itcZ wlL™ iJ U * 

to toko tare of Kuril whs, ^ l'££* t aaiUl3! 

nlon? ilie burdi-r*. ami Uiny did thrir work well. 1 ' ’ ° r tfalel1 lir 

The first year birds wen not traamrotp. entmeh to „ T , „ 

the sfcv ijd year then- wan hardly enou-h 1 11 ,1|<? "’ wd wcJ : 

■ r MnU A small raid, of Jujtnn. J Z “ tae>WM mnAt * 
tlo garden. The seed nf tills millet proved wry ournrtl^Tto 
not tnokstetl eveept by anldfinri^ qua n a ^nslonul 

■ r w-fnl tlnk in it ibrir ptnu^^ln, hT1 ------—-— 

»1Lb Ite t.lnlji b„ . t*rm, P| p. 
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wpft] (wpu to fall. Hie millet was then and tba simm] saved, but not 

until xl grout qmmtLry of It laud fallen to the grtnituL 
All the full flxiil viator tills seed proved a prvnt ml tract ton to Uio birds. Spar- 
rows w^K i utmost constantly feeding in Oic vicinity, and ffri? seed srauiial to bt b 
relished by nil of them. There wore probably some bushels of tbto seed on the 
jzruuikf In tlic full* but hy spring hardly otic could be found nod only a very 
few scntterlnjr rdflilt* grew there liie ru] tawing spring* This ptont is merely a 
cultivated variety of a COimiluft wild gra^a or weed, hence Its uttraellvehess to 
birth, 

Juactw and tree sparrows came In greatest numbers. They noc only destroyed 
the millet wed but they also found and ate practically nil of the weed seeds 
remaining. * * * Oar work In conjunct km with that of the birds had been 
me L-dlcdtSit in i^iermfinatiug the weeds tUnr during the winter of l£KJi-£ ft fre¬ 
quently was necessary to muter elm IT mid hayseed from the hum door around 
the dooryani to provide sufUckui food for the birds, 

attracting birds. 

There is no reason why cult inters in any part of the United States 
should not tLV4j.il themselves of tite advantages to be derived from an 
increase in the number of birds. The basic principles of attracting 
birds are simple. They include ns perfect protection as possible 
against all enemies, provision of food in the season of scarcity, of 
nesting boxes for the species which will use them, of nesting sites 
and even materials for the others, and of a constant supply of water 
iioth for bathing and drinking in a place where the birds using it will 
be sate* Detailed information on the subject of attracting birds 
muy be obtained from publications of the United States Department 
of Agriculture, 

SUMMARY, 

While birds may exercise a noticeable degree of control of an in¬ 
jurious insect over an extensive range, actual suppression i- accom¬ 
plished usually only in very limited areas. 

However, as appears in the preceding pages, instances of the local 
suppression of pesb* by birds are sufficient I numerous to have at¬ 
tracted the attention of many observers. 

Omitting references to vertebrate and plant nuisances, the instances 
cited relate to -12 insect pesis, most of which ure exceedingly injurious. 
In more than 70 cases birds apparently ex term t noted one or another 
of them locally or at least have so reduced them that no further dam¬ 
age ensued* In many of these cases the saving of h crop seemed to be 
due solely to the work of birds. It goes without saying that we have 
accounts of only a small proportion of the instances of pest suppres¬ 
sion by birds that have actually occurred, and there is no doubt that 
the work of birds along this line has been of great value to American 
agriculturists. 


438 ANNUAL REPOT’T SMITHSONIAN INSTITUTION, IP2U* 

A 

It is most encouraging, therefor®, that it has proved jjoasibJe to 
muke practical use of birds in destroying pests. Certain birds of 
prey have been used in granaries and other storage rooms to dear 
them of rats and mice, anti small insectivorous birds have done good 
service in gmmkousoa. The beneficial results of attracting birds to 
farms ami gardens aiv striking, They indicnte, moreover, that even 
greater w^nlb* may he expected when more organized and widespread 
dlorts me made to increase the number of birds* 


THE OCCULT SENSES IN BIRDS,* 


By Hmc&t E Beck. 

Franklin and J/anftoU Ctofftpr, Lancatier, Pa. 


That animals below man t in the accepted biological line, have 
retained in efficient form much that has been greatly reduced or nearly 
lost in the process of developing natures master product—the hum an 
mind—is a fact of common knowledge The senses of sight T smell* 
and heating in man are almost rudimentary when compared with the 
same senses os developed in the hawk, the setter dog? and the fox. 

It is not so generally recognized, though noise the less perhaps u 
fact, that certain sensei widely or selectively u part of animal 
life are absolutely gone in man. So thoroughly are these senses 
atrophied or lacking in the human mind that man, with all his highly 
developed imagination, con not even vaguely visualize the subtle proc¬ 
esses by which they operate. 

In bird life one of these occult senses, the homing sense, exists to u 
remarkable degree. The complex phenomena of migration, often 
over trackless regions, the homing acts of pigeons, and the speedy 
returns over unfamiliar sea courses of sooty terns taken a thousand 
miles from their nests can not adequately be explained on the basis 
of acuteness of vision or jierststence of memory in the birds that make 
these wonderful flights. There apparently is something entirely apart 
from human consciousness or subconsciousness that holds the bird 
to a true course between widely separated points. 

The homing sense is broadly, though somewhat selectively, dis¬ 
tributed among animals, ft is exhibited by many insects and by some 
mamma! r. It only tin ds i ts greatest devel opmem i n birds, 

Xor is there anything supernatural about this seemingly occult 
faculty. It probably is only a common trait of animal life strongly 
carried through in certain groups, A highly efficient homing sense 
is but an example—like the keeled sternum in birds or the mind in 
man—of a well-established principle of progressive evolution. The 
Inordinate development in selected species of organ or sense common 
to many is a course so regular in nature that it can not be considered 
an irregularity. 

1 I'n'frrntc-J twfo ft* :1m Dels war? YaLEej DraUfccJOtf k*i ClnBw i^pr]nc*J Eijr pftrttiM&d 
ftota The Airt, VoJ. XXXVTI, Nfc. t, 1820, 
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Akin to this homing on* ami operating In u way equally intern hie 
to man there exists, in nil probability, a food-finding mL Widely 
/h, occaaionally highly specialized within several lower 
groups, notably the insects, the food-finding sense bus persisted in 
«v « T n s wLeWstc, Tbjh, M.'SEXiS 
among menials. It ]S somewhat broadly a part of bird life 

feeders ' 1?r ^^ 506018 ttJ ** most lli tfhly developed in the carrion 
In many species of birds doubtless only an adjunct to activity in 

bus of strong presumptive evultmro—is so highly developed in 

cttrrioQ “* *4 - - s* 

WriterS ° bscn ' a f JotB «» *°°<* M»g in turkey rul- 
DkinJ^t ““™ tyro been insufficiently ex* 

ftdht tl "F? fW **« ^ese birds are directed to their 
S? *““■ u .“** « -ty* Hut the most striking observa- 

^ m08t StrUllgl >' lettds Lim ^ard uUlief in a 

fonows; 45 SeilS& ~ ie Un mcident tl - f“Cts of which Lire as 

J t nU ^ l| two L ^t*rs* cue of them the writer were 
f1 11 Ir u ^ ^°*hounda in tho furmin g valley of the LitiEn 

Conestoga south of Lkitz. Lancaster Countvpli ™ 

S3-j- *-?' 3SSSTJS 

Ti, r «« w u, i, ,a “ “ f™" d a™- 

snnrisi-- The Vinces of iL« hounds on the tnistoil niohUru'lTiv'ro 
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the fox—when bu tn (.thing went wrong The hum! V ' Jumping 
«.d Iho younger hounds begun ,tS '° ,,e 
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^ ■ limestone 
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to examine the dog, J returned to get the jUT^ 0 5^^ 

hole two vultures climbed nut and flapiwl ^ thc 

the dog evidently some time, for the f esli about ijJ J ^ **“ ivt 

eaten away. alM,ut “* bums was much 

Thoic it twft onujitiill 5 p-i b ~. , * 

mind dwelt upon them, made the presence of SUS” *T" h ' ^ tllE 
sink hole most impressive, if not - - vultures m the 

The fii^t of these was that there JT - 
turos nearer than the southern i£ 
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north of the ?pot. This roust. above the Speedwell farms, always 
had fifty to a hundred birds about it, and the vultures apparently 
stayed near the South Mountain, I have rarely, if ever, seen vultures 
ranging in the Little Conestoga Valley during the winter before or 
since the incident. 

The second was that the dog was invisible from any part of the 
sky* The sink hole was G or 7 feet deep, with an opening* of about 
3 feet. The shaft, inclined toward the south, went down at an angle 
of about 45 s , and the walls were so irregular with projecting rocks 
and soil that the eareuse at the bottom was completely hidden from 
view. 

Under the existing conditions it is difficult to account for the find¬ 
ing of the carrion by either eye or nose sense in the vultures. The 
dog lieing invisible and there being no vultures in the neighborhood 
when it was thrown into the hole, sight could scarcely have been 
involved: and the possibility of a freshly killed dog at the bottom 
of u C-foot hole giving off enough scent in mill winter to attract birds 
miles away is out of the question, even after eliminating the fact 
that the sense of smell is but poorly developed generally among 
birds. 

Assuming the correctness of the theory of a food-finding sense as it 
exists to-day in certain species, the imagination naturally runs back 
to the earlier stages in the evolution of these species. Given by 
nature the right to life—if life can be maintained, and the first 
essential of continued existence, food—it is perhaps logical and it 
it certainly well supported by analogies, that chance superiority in 
ft-Kid finding would develop \ntri something of permanent value in 
tlw species, imd that the sense thus evolved would be the determ in- 
ifLj^ iRCtor of survival among a host of related forms munv of which 
succumbed in the struggle for existence. And it is reasonable, too. 
Hint thi? food-finding ?tnse should have l*cn most highly evolved 
during centuries of widespread forest areas, and that it should Imvo 
persisted up to tlie present time? in tho£c species which were high 
sonrinif and carrion feeding tor logically, among the Raptorra where 
Minting and killing powers were lacking,, subsistence depended upon 
foml that mart have been* almost in variably, concealed as well 
fortuitous. 

Again assuming that two leading essentials for the maintenance 
of the species finding food and finding the home—had been &s- 
aiMcd by specialized Otises, it should follow that the third promi- 
nent factor—mating—had been similarly safeguarded. 

^bslc there is no convincing evidence at hand in support of a 
definite mate-finding sense among vertebrates, there are many baffling 
mriduiia of field observation? which would find explanation hi mdi a 
theory* * 
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In insect life, however, there is evidence which if not conclusive 
L- strongly contri I nitric, Thus a common wasp, Peledna*, has been 
known and collected utmost in variably in the female form. .Speci¬ 
mens taken are always fertilized. Apparently rure to a. mysterious 
degree, the male wasp has seldom been collected or observed. A well- 
known entomologist conceived the plan of rearing a female PdceinM# 
from the pupa. Properly caged the virgin wasp was placed out of 
doors. Within a few hours the screens of her cell were swarming 
with the mysterious male of her species. These wasps may have 
been guided by some highly refined phase of a well-known sense, but 
it seems unlikely. 

Unfortunately research on these occult senses is diflicult—often 
impossible. Theories have to be based upon analogies and chance 
observations. Under these conditions chance observation must as¬ 
sume w somewhat greater significance than ordinarily is placed 
upon it, 

thi the basis of some impressive though fragmentary evidence then 
we are justified in assuming-—at least as an attractive and perhaps 
stimulating working hypothesis—that intimately interwoven with 
the life histories of thousands of animal species of past ages and 
many species of the present day there is an active sense which may 
he called occult simply because St is hidden from the experience and 
understanding of man. This occult sense, involving direction, has 
taken three phases ns developed by the prime necessities of life—food, 
mate, and home in their relations to space. The purely defensive or 
offensive elements that have determined survival have evolved chiefly 
along physical and chemical lines in animals and finally along men¬ 
tal lines in man. All phases of the occult sense have long since been 
lost in the channels of life that progressed toward civilized man; 
they exbt only selectively in animals below man to-day; hut they 
ure sUl jln important factor of existem's* in many life forms, as they 
have been a potent determinant in post ages. 


ADVENTURES IN THE LIFE OF A FIDDLER 

CRAB. 
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One of the most widespread find familiar crustaceans of the coasts 
of the United States is the fiddler crab. On the Atlantic coast this 
small and active crab is abundant in the marshes and along the 
beach from Cape Cod southward. Every child that lives by tha 
sea or spends a part of the year building houses on its sandy beach 
or wading along its shallow shores is. mire to make the acquaintance 
of the sand fiddlers. The child's excited glee when a female has 
been captured or pained indignation if the captive has been a pinch¬ 
ing male is enough to introduce the fiddlers to u wide circle of 
older folks. The fiddler crabs are almost as well known to seaside 
people as the butterflies rare to inland dwellers. 

THREE KINDS OF FIDDLERS. 

To scientists this common species of shore ctubs is known as Fai 
pxigUxtorJ They occur in droves of thousands on favorable beaches 
The beaches that are most favorable ore those on which there is ran 
expanse of rather clean sand exposed at low tide and conditions tire 
even better for the fiddlers if there U a growth of sedges near the 
high'water line. The sedges form a ready refuge for the crral*s when 
they rare frightened. Since this species is especially partial to a 
sandy habitat it may well lie designated ns the sand fiddler—a name, 
that is already given to jt locally. The sand fiddler is a small crab, 
being, as a rule, about two-thirds of an inch broad across its body 
rand something less than 2 inches between the tips of its outstretched 
legs The color of the crab is, in general t a gray which matches 
very well the color of wet sand. However, if one examines the up¬ 
per surface of the body more closely he will find there an intricate 
pattern of violet, lavender* pink 7 rand black. The great claw of the 
nude is generally white with few color markings. 
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There are two other species of fiddlers that are well known to 
scientists although they arc rarely differentiated by other observers. 
One of these it? Vat fmgnax. Whereas pugifator prefers to make Its 
home in the Sand, pvgiiar is essentially a mud lover. It frequents 
muddy estuaries along the sounds of the coast and dwells among die 
roots of the sedges fur out on the marshes. This species la probably 
as abundant ns the sand fiddler, but it is less often seen. U, pMgmaus 
may well be called the rouisli fiddler. There is no easy or definite 
wav of distinguishing them front the other fiddlers. They are gen¬ 
erally somewhat smaller than sand fiddlers, und t in accordance with 
the dark background of their abode, they arc darker in color. Their 
tipper parts are generally dark olive green, which shades off into the 
soiled yellow color of the under parts aiul legs. Sometimes the 
upper parts are dark blue instead of green. 

A third species qf fiddler is known as 77ca miruM. Tills form is 
not so abundant an the other two and is generally found in rather 
remote lo cali ties- It is often found at the borders of pools out on 
the dunes, where the water is brackish or nearly fresh and at times 
will dig its burrows in the sides of ditches 9 or 3 miles from salt 
water. Brackish-water fiddler, although an awkward name, seems 
to be the most appropriate one for this species. Again, the differ¬ 
ences between it and the other species are relative only. It is larger 
than either the sand fiddler or the marsh fiddler. In color it re¬ 
sembles the former rather closely though it often lots much more 
red in its marking’. 

HABITS OF THE SAND FIDDLER. 

As lies already been noted the three species of fiddlers are so 
closely similar to each other in structure that they are differentiated 
by relative differences only. As would be expected, the developing 
young of the species are equally difficult to distinguish and a descrip¬ 
tion of one may well serve for nil threw. The habits and develop¬ 
ment of V. ptigilater, the sand fiddler, only will be referred to in 
the following description. 

Instead of the lndluw appellation, pugiiator, which scientists 
have bestowed upon them, the common name, “sand fiddler.* is 
much ainrc appropriate to thy little crabs. They are quite wary and 
are comparatively harmless even when cornered. Only the males 
possess the largo claw, which has given rise to both scientific and 
common names for the species. This clow, which is almost ns Ion- 
as the span of the walking legs from tip to tip, « general!v carried 
held in front of the body somewhat in a position of a fiddle which 
it also resembles in shape. When one of the nudes is caught he mav 
use the large claw for pinching, but the crab is so siiudl that tile 
pinch is comparatively ineffectual It will draw blood from only 
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the tenderrst finger, und it is not to lie compared with the power fill 
pinch of the blue crab [CaHfoeetes) or stone crab (Memppe), Fur¬ 
thermore. tho attack is altogether that of n cantered animal eager 
to escape and lacks the truly vicious quality of the attack of the bine 
crab. 

The sand fiddlers are agile runners, but are easily overtaken by a 
man. As a protection from their enemies they rely in the main 
upon their burrows* These are dug along the beach just below the 
high-tide line and extend downward a foot or more at a very steep 
angle. When the tide comes in die crabs crawl into their burrows and 
the beating of the wavelets soon stops their doors with sand. When 
the tide begins to ebb and leaves the wet beach the fiddlers dig them- 
selves out again. The excavated sand is gathered in wet balls and 
distributed at a distance about 0 or 8 inches from the opening of the 
burrow. It is to be expected that the next time the fiddler enters 
Ills burrow he will be Lu a hurry and want a dear romL After ho 
hoe made sure of his means of retreat he joins his companions at the 
water's edge. 

Each wavelet of the receding tide easts up on the beach 11 tiny 
“ windrow +1 of *-und. There h much mam than sand in this tt wind¬ 
row^ however. Among the sand grains are caught and left count - 
leas numbers of microscopic plants and animals that dwell at the 
surface of the sen. The fiddlers walk along the K windrows” as 
they are formed and with the spoon-shaped tips of their smaller 
claws or hands scoop up the food-laden sand and stud it into their 
mouths as fust as their hands will work. At meal times the females 
have an advantage. Both of their hands have spoon fingers and Inuh 
are kept busy. The crabs seldom enter the water, although their 
station sn close to the waters edge exposes them to many a ducking 
in the wavelets. At times, ton* when an enemy approaches from the 
land side the fiddler may elect to hide in the water, partially burying 
himself in the loose sand, rather than run for the burrow. These 
short intervals in I he water ai-c the most hazardous periods in the lives 
of adult fiddlers. Blue crabs like to lie in the shallow water and wait 
for little fish ibat get stranded, and they have learned that they can 
afco pick up a considerable number of fiddlers. When the tide begins 
to rise and no new “windrows" 1 are left on the beach the fiddlers 
will wander elsewhere m search for food. They will climb about 
over stones or piling at the waters edge and always there are it few 
that lose their footing in spite of their eight legs and fall overboard. 
A fiddler overboard is a fiddler lost. They can not swim, and hungry 
fishes* like the black sea bass and the sheep&heart, quickly gobble 
them down. 

Although there is a continual daily loss of their members, the 
droves of fiddlers on the beach do not get smaller yeai Lv year. The 
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pugttccions and swift bine crab is unable to hold its own, and the 
powerful stone crab js almost extinct over part of its range, but the 
«m 0 M and eornpurntively helpless fiddler maintains its million* u,. 
diminished, 1 here must be large numbers of young fiddlers growing 
jpetich year to take the places of those thut feed blue crabs and fishes. 

HOW EGO & ARE TiAID and ELVTi , HKD B 

A Study of the female fiddlers shows that they produce and hatch 

8B ^ Cni ^ S Bnd shrimps. The higher crabs 
Brachjura) (ijffer most conupumously from the lower crabs (Ano- 

TT l? nd r < Macn, " l > in the rel *tro of the parts of 

. A* In ^higher crabs the cephnlothorax forms the boxlikf 

^! n “"P™ ^ ° f tb * body. The abdomen is relatively 

quite small tmd is earned permanently flexed under the eephalo'. 

whtch hafl a S* 00 ™ *o accommodate it. The appendages of 
Ti r,^ mCn ”5 r" aUy , between it and the cephalotfcorax. 

nf * xJ °f BD of *!j* tnaJa flddIer is narrow and lwars only two pair* 
£SES*\2- IL - ed t0 trMsfer the ^ rm to the female. 

“ " Qtii hrmJer “" d « *» P*« 

The female crab lays her eggs in the early spring. Hundreds of 
them lire laid at one tune. As they pass from the oviduct the? are 
en angled in a sticky fluid that covers the genital appendages. This 
flu d hen hardens and the eggs are left hanging to the appendages 

k h! i nch ™ of ""y P"?P'* grapes. The hunches are packed 

cry closely together, however, and there are so many of *£ that 

Ec l T ° ot ° f ita *"«■ ■«» bangs down from 

lie body Tiic color of the eggs is due to the yolk, which, instead of 
being yc low as in the bird's egg. is a dark purple. The ^.,1 
fertdiml a= they were laid and at once begin to develap^L 
enibryre are formed inside the egg shells the yolk is used ip and £l 
color of the egg mass gradually changes from deep pntpln to SS 
purple and at length to a dirty grey. When the mL b gray toe 
embryos arc nearly ready to hatch. The female aerate* the wL hv 
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awkwardly and have difficulty in entering the burrows; It is doubt¬ 
less on this account that the egg-carrying females remain hidden in 
the burrows during the day. After dusk, however* they go down to 
the water's edge with the others when the tide is ebbing. 

"While the cgg-luden females come out to feed at any time after 
dusk, there is a very definite time for the embryos to hatch. Hatch¬ 
ing always occurs just ut dusk—that is, between 7 and 8 o'clock. 
The mother crab comes down to the water a edge and fans her abdo¬ 
men back and forth to aerate the eggs as usual If the embryos are 
ready to hatch, however, the little larvae burst out of the egg sheUs 
and at each forward flirt of the abdomen a small spray of young 
larvae is shot forward into the water. If the female is not dis¬ 
turbed , this continues for 15 to 00 minutes until all the embryo^ are 
hatched. It is hardly to be thought that the female ever washes the 
eggs with the purpose of aerating the embryos It h possible that 
she is merely try dug to rid herself of a burden. On the evening whan 
the embryos hatch, the washing continues for an unusually long time, 
possibly because the burden on the abdomen is gradually being 
thrown off. 

In many erustacea the female molts Tery soon after her eggs 
hatch. The old body shell, with the remnants of egg sheik stick¬ 
ing to it, is shed. Whether such a molt occurs among the fiddlers 
is not known. Since the crabs molt in their burrows, oiiscrvations 
on their meltings are seldom made. It is also known that in many 
crustacea a new batch of eggs is laid as soon as the old ones have 
hatched. This may occur after a molt, as in many shrimps, or without 
a molt intending, as in the stone crab (Menippe)* This has not 
l«?en determined for the fiddlers either, but it is possible that each 
crab lays Severn! time.? during the warmer months, because egg- 
bearing females arc found from early spring until late September. 

•t 

HAZARDOUS EARLY LIFE OF THE LARVA. ‘ 

The young crab that is suddenly shot from the shelter of its 
mothers abdomen out into the teeming sea js exceedingly minute. 
When fully extended it is about a millimeter long, but in swim¬ 
ming the body is bent double^ so that the swiftly moving larva is 
only about half a millimeter in length and the same in width. It is 
just visible to the unaided eye. The structure of the crab larva is 
so different from that of the adult crab that scientists of the 
eighteenth and early nineteenth centuries described the larva as 
an entirely separate genus of Crustacea and gave it the name Zoea t 
Although it was discovered by Thompson in 1835 that the genus 
ihifii? made up of the newly hatched larvae of various crabs, 
the name Zofn has I>een retained to describe all cnistiiccan larvae 
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tint resemble the newly hutched crab larvae, jmt as caterpillar de- 
scribes a certain form of larra among the insects. 

m My of llis zoea (figs. l and 8) is divided into two regions, 
csjphfllothonii and abdomen, just os is that of the adult fiddler, 
rhfloephnlo thorax of the larva, however, is very different from that 
of the adult Instead of being flattened from above downward it 
w flattened from side to side ns are the bodies of many other swim- 
n j Jnp forms, c+ shrimps. It is covered by si shield or carapace 
dorsalJv and laterally, Laterally the compare extends downward 
over the liases of the appendages. Posteriorly it has a broad, deep 
notch through which protrudes the abdomen. At just about its 
central point, domaliy, the carapace is produced upward into a 
rtnut, slightly recurved spine. (Fig. 1, B< ) Another spine of this 
iti'l extends vent rally from the anterior margin of the carapace, 
(rig. 1 b.) It is difficult to imagine how these spines may la? of 
nse to the zoea. Blood circulates through them and it may beaewited 
,Jl !,*" f Mlssn ^ f - ^ ie “thcr hand the spines often become eiUongled 
in filiating debris or algae and tlio larva is unublu to free itself. TVhafc- 
T f- r ,° la ‘ ^ their serviie to the zocu. however, the spin«« are of 
definite use to the scientist. They enable him to distinguish tho 
aoea of Uca from that of most other crabs. Most crab larvae have 
a dorsal spine, an anterior spine and two lateral spines on the 

carajmre The zoeas of the fiddler crabs and some of /heir relatives 
lack the lateral srpincs. 

The abdomen of the zoea is a segmented cylinder. It is divided 
into tne parts, and each of these is a simple, short cylinder, except 
the terminal segment. This is produced posteriorly’into two w 
laterally dirergmg horns. Tho abdomen is carried flexed under 
he rephalothccrax in summing, although not pressed up against 

whm, Z, lU Ut UU TL IB mt IlsH * nn 0r ^ m of locomSion, hut 
when the *oeo eomes to rest on the bottom, or is swept again* .n 

obstruction of any bind, the abdomen lashes out and about, and 
thi> larvasquUms and wriggly in very livelv fashion. 

On each side of the anterior part of the ce'plmtolhom.x there fe fl 
large compound eye, These are not borne on stalks as in thr adult 
and they ran not be moved in any way. They resemble in this respect 
... 5* TCt ’ <*»* lower cnistneea aS the water-fleas ( Talo)‘<?h<s*tia\ 
pill-hiigs (OitAflu), and Cyclops The color of the eves L djk 
green, a moat black. In spite of the large siite of the eves the men 

differeutil*t VS* ~ ° f ****** S 2?* 

siMeoneont^rr- ’ 1!,en9ltite ot H ' ht ‘ T]ils makes pos- 

■ . , ni “ s ’. L ‘“POrtaut tropiams of the larvae. They always 
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sliell it at once swims to the surface of the water. There it finds con¬ 
ditions that give it a chance to survive. It is swimming among count¬ 
less larvae of other Crustacea and mingling with the young of 
worms and mollu^ks and starfishes and jellyfishes, not to mention 
hostof minute forms such as lower Crustacea and small jellyfishes 
and protozoa. Besides these animals there are millions upon milUona 
of microscopic pi Lints swimming and floating along. In this world 
of tiny forms* young fishes swim about m devouring giantThey 
take toll of nil the smaller forms Eilike and many of the zoeaa tiro 
eaten. It is wed that they are hutched at dusk and have all night to 
be scattered by the tide before they enter upon the adventures of 
their first day. 

The body of the £oen is composed of a head and abdomen, between 
which lies a small region representing the thorax, (Fig* 1, f.) The 
seven pairs of appendages of . the zoea are attached to the ventral 
surface of the cephalot koras, It is from their attachments that wa 
know that most of the csspbalotkorax is composed of the head region 
and only n small part of it is the tiiorax, Moreover the region of the 
legs or petciopods which forms the largest part of Lhc adult body is 
represented in the zoea by n minute area in the region where the 
abdomen is joined to the copholothottUL 

The first two pairs of appendages, the antesmuks (fig. 2) and 
antennae (fig. 3)* are sense organs just as in the adult They are 
quite different from those of the adult, however, in both structure 
and function. The uiitennuk^ sire* little more than knob? on the 
surface of the head, each bluing a few sensory hairs nt its tip- They 
show no sign of a statocyet, or organ of equilibration. iSome of tInsu¬ 
lin irs are tactile and others am sensitive to chemical changes bi the 
water, whether this be called taste or smell. The antenna® am queer, 
spike] ike appendages extending down parallel with the frontal spine 
of the carapace. Each bears a movable process, the exopodito, on its 
1 literal surface. The exopodite hear? one or two minute tactile hairs 
sit its tip. 

The other three pair- of head appendages form the mouth parts of 
the zoea, They resemble very closely the same parte in the adult in 
their essential structure. The mandibles (fig, G) sire simple blades 
with their median borders produced into denticles for cutting and 
mashing the food. They do not hove sensory palps. The nmxillules 
(fig. 4) are flattened plates. The basal segment of each is produced 
into two median lobes, each of which has stout spines at its tip. These 
lie just laterally to (lie mouth and posteriorly to the mandible. Each 
maxllhilc bears a small palp with tactile hairs. The maxillae (fig. 5) 
also are flattened appendages. Their basal segments are produced 
into median Jobes with spiny tips. There is also a palp with tactile 
hairs and laterally the scaphognatiiite is already developed. These 
42S03' 5 —22-39 
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pairs of appendages act together ns veiy effective instruments 
for securing food. The *sea phugnithite heat rapidly and rcijtikjtiiisly 
io such a way as to draw u stream of water backward past lhe mouth 
and along the bases of the mouth parts. A-s the zoeas live m the 
1 Kiddy populated surface area of the sea. tins stream of water will 
contain some of the small animals and plants that abound there* 
tthr-n such an n me in a I touches the hairs of one of the tactile palps 
the spiny loins of the maxUlules and max.! I hie close in upon the prey 
uruf secure it for the mamlihlcs. \t [g pushed up between these and 
they crush k There is a hairy Up in front of the mouth (fig. J. d) 
and another behind it. The.-e serve to guide the food to the mouth 
opening. 

The two pairs of thoracic appendages that nre present in the 
®ooa rice the first and second ma^illipeds, (Fig + 9.) The absence 
of th& third maxillipeds serves fn dhuitiguish the zoeas of the 
higher end is (Brachyttm) from those nf the lower crabs (Ano- 
imira) and shrimp (Macnira) in which the third pair of maxillt- 
perlH are also present. The mniiilipeds of she zoea are very dif¬ 
ferent from those of the adult, both in structure and in function. 
Each is composed of a basal segment bearing two distal rami* 
The outer rnmus f or osopadke, is a simple rod like segment which 
Ircars four long plumose hairs at its tip. The inner minus, nr en- 
dbpodite* is a segxut-nted cylinder* It Iwars * few tactile Ii*m srrat 
tered along Its segments ami the terminal segment bears a abort 
plumose hair tlicit may pnxribly be “auditory * in the sense that it 
enables the nm to perceive vibrations in the writer. The endopo- 
ditc nf the first maxillipe t lias five segments while that of the sec¬ 
ond had only three* 

Thr thief fiction of the stowd miixiWpal is locomotion. The 
exopodites tw»l rapidly m- and down in such n way as to drive the 
little unidirtl upward and forward. Each of the' plumose swim- 
ttunp hairs is jointed neur its middle so that it bends on the*up 
stroke and straitens on the downward Iwat- The zwaa swim 
aotiTcly nearh all the timr. Titeir (vflbrts. however. :ire rhicflv to 
keep at the surface. The tides sene to carry them from place lo 
place. M the was ore hutched on an chb tide mosl of them will 
l.e swept away to sea in a few bourn and h v dawn they will k. 
*Klo^ Wtend. Locomotion- U ™ t t|w mty 
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The parts of the alimentary canal may bp seen, tlio intestine in 
active peristalsis. Many of the muscles anil much of the nervous 
system on? also visible. 

The only nrlor of the larva is that of the eyes anil the pigment 
spots. The pigment is jet blade when fully contracted, hut in the 
expanded condition shows colons ranging from orange through re I 
brown t« olive, The pigment spots have u perfectly ddfrufedtetri- 
Imtion over the bo#. They may be of eonaicicrable help in klenti- 
Tying the zoeus of related crabs. For instance, it is very difficult 
t-i discover any other easy means of distinguishing tin; zocas of 
fiddler crabs from those of wharf crabs (Sexartna. c/nmux) or pur¬ 
ple marsh crnlis (Srwrma reticulata). They may be distinguished 
easily and certainly by the fact ttiat those*of the fiddlers have u 
pigment spot at the distal end of the basal segment.-- of the first 
maxiUipcds. while the sjiot is at lire proximal end of the same seg¬ 
ment in Setarma. “ 

When the roca is thrown out into the water by the flip of its 
mother s abdomen, it at once Iwgins to beat its Viiuxibipeds ami 
wabbles tip to the surface. It is soon swept out to sea by the tide 
and begins to feed upon the smaller of its countless companions. 
1‘of the next four or Jive days the zoeu continues to float in and 
out with the tide. Occasionally the maxi bipeds cease healing and 
the laxly slowly sinks, only to be driven buck to the surface in a 
few moments. All tie time the month part,*- are catching, crush¬ 
ing. and swallowing tiny animate and plants- As a result of (Ids 
feeding the zw:i begins to grow. Its inelastic chitin com soon be¬ 
comes too small. A new covering of larger size is formed beneath 
the ttlil. lor a sliorj time now the zo ca becomes tuntioaless and 
siak * to™ 1 tIie Attorn. The old coat then splits along the hack 
at the place where the abdomen joins the cephatethorax. The zoei 
fim pushes its body through the slit, ami then draws its abdomen 
imd appendages from Uieir old sheaths. This is the first molt. Tho 
which emerges is somewhat different from the first hatched 
M>ea and is railed the second zoea. The molting period is u perilous 
tunc in the life of the zoea. The iarva is quite helpltes, hut fortu- 
nntely“ it is almost invisible against the sandy or shelly bottom on 
which the molt generally occurs, 

CHANGES IN rim STRUCTURE OF THE ZOEA. 

i hc second zcea (figa, 10 and 1!) as soon ns it is frt^ of the old 
shell drives upward to the surface again. It is now somewhat 
larger and stronger and it begins again to feed on its neighbor- 
The number of swimming hairs on the muxillipeds of the second zoea 
has been increased to six anti so the increased weight of tho bo# 
can still be maintained at tho surface. The large eyes of t he zoca 
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Ituve changed a little too. They are borne on stalks no\v r and these 
may rotate slightly in the groove in which they lie, although they can 
not be niked from the groove. 

Of the hundreds oi zocas hatched and set adrift with the tide, le&s 
than half live long enough to pass through the first molt. Many nre 
eatcii hy small fishes and jelly fishes* Others are swept ashore by 
the tide and may form a part of the food harvested from the sand 
u windrows T1 by the old fiddlers. Others become entangled in bite 
of algae and other debris that flout on the ocean and die there. The 
survivors ilTiit become soeas of the second order continue to float w ith 
the tide and feed continually. After about a week they have again 
outgrown their coat and then undergo the second molt* 

When the third zoea (figs. 14 and 15) comes swimming 1 back to the 
surface it i- again larger and heavier and as a compensation the 
swimming hairs are again increased in number* the exopodite of each 
iiiaxilliprd now carrying eight id them. The. weight of the body 
has Inarched mo re rapidly than the power of die maxi Hi pads. how¬ 
ever, and it is more difficult for the third zoem to keep at the surface. 
It sinks faster when the muxillipedg rc*t and they drive it moru slowly 
upward. Besides its increase in size the body shows other changes. 
The chit minis coat becomes spotted with centers of calcification and 
the shell logins to harden. The di m beginnings of new organs appear. 

On the straight spike of the antenna u tiny knob appears just at 
the base of the exopodite. (Fig, 12.) This in the piimordittm of 
the flagellum that forms most of the antenna of adult fiddlers. Be¬ 
hind the bases of the second mixiHipcds a series of tiny bud- uppear 
on the rides of the body* They appear in the region that represents 
the thorax of the adult, and they are primordia of the third moxilli- 
peda and die first four pairs of pereiopods or walking legs. The 
buds of the first pair of pereiopods are noticeably larger than the 
others. They will Inter become the pincers. On the lower surface 
of each of the abdominal segments except the first there now appear 
two small buds* These are the primordia of the later larval swimming 
organs or pleopods. 

After another week of feeding and growth a third mult occurs and 
the fourth zoea is formed The fourth zoea (fig. 16) j* twl» 
as long as the first soea. It is getting large enough now to be seen 
rendily with the unaided eye although it j& still only 2 millimeter* 
long with the tail extended. All of the primordia that made their 
appearance in the third zoea have grown larger and the buds of the 
fifth pempods have appeared The telson is now separated from 
the fifth abdoinmal segment by a joint. The growth of the body 
and especially the development of the primordh have made the fourth 
mxa rather awkward and clumsy. 'Hie swimming hnm on the max- 
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ill i pads Eire now 0 or 10. but they tue nut sufficient find the zoea is on 
the bottom more often than ut the top. 

After another week the fourth molt occurs and the fifth zoeo, 
(figs. 1“ and 18) is formed. This is no longer the graceful, restless, 
palpitating form of larva that suggested tin- name Zoeu, 14 Li fe T " to 
describe it. The body is so heavy that the tnaxilli peels can only keep 
it at the surface for short periods. Most of its life is spent drifting 
along near the bottom. The awkwardness of its movements is in¬ 
creased by the greater development of all its primordia. These have 
no function for the zoea and only serve to impede its movements. 
In tins stage of the larva the mite made shows its first pmnounced 
change. its basal part becomes swollen and the development of the 
organ of equ ilibration, or statocyst, begins within, it. (Fig, 19,) The 
flagellum of the antenna is now elongated and cylindrical, ( Fig. SL) 
"I’ll* bads of the thoracic appendages are long and finger-shaped, anti 
at their liases are two or three minute buds that ore the primordia of 
gilts. The pteotjods are also elongated and finger-aliaped. 

For a little over a week the fifth zoea struggles along near the 
Ixjttom of the sea, driving upward a short distance and then settling 
flown again, and all the time being brushed along by the tide. At 
length if no longer bobs up at all, but merely rolls along with the 
t'de. All movements have slopped exirept those of the mouth parts 
and of the interna] organs. I he maxillipcds are no longer organs of 
locomotion. The exopodites arc shrunken and partially withdrawn 
from their sheaths of chi tin. Other profound changes in the form 
of the larva are occurring. The flesh is withdrawn from the great 
spines of the carapace and from the horns of the telson. The tlage 11 uui 
of the antenna and the distal part of the antcnnulc show dim anutfla- 
lioas around them. These changes require about 80 hours, and then 
the zoea undergoes its last mult. It lias now btvn living at sea ti 
little over a month. Of the hundreds hatched only a score or so will 
h ave su rv i ved. These a re rol ling hel p leas ly a long with the t i. I« when 
they drag themselves out of their last zoea I shell. 

TFIK JtKGAIjOPS, A BEAST OF PREY. 

1 he larva that stretches Itself after jerking loose it* last attach* 
merits to the zovul skin could hardly lie recognized as derived from 
n zoea—even the changed zoea of the fifth stage. As a matter of fact, 
it was described by earlier naturalists as an entirely separate genus 
and called Meptdop^ frum im large j* n d prominent eyes. This name 
lias Ijcen retained to describe thU stage in the larval history, just as 
pupa degcriU'S the second stage in the larval history of the butter¬ 
flies. The mega I ops (figs, at) and 31) is a larva far different hum a 
pupa, however. Instead of being a motionless, sluggish creature it 
is a powerfully swi mm ing corsair of ihe ocean's surface, 
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All those organs whose growing primer dia so encumbered the zoeft 
are now developed ami functional. The mega lops is about Jt milli¬ 
meters Jong. It is easily seen as it darts about the surface. The 
sensory organs are now well developed. The eyes ore large and well 
formed In the base of the entcnmile there is a statolith, and the 
animal swims about in any direct ion and can change direction quickly 
and accurately. It is no lunger guided in its movements solely by 
its reaction to light, but is independent of this tropisxu and seeks 
its prov at all depths. It remains at the surface most of the lime, 
however, as food is most abundant there. Besides the statoliths 
ami even other sense Organs are now better developed then in the zoeu. 
Both tine Dntcnnulo (lig. SO) and antenna (fig. ifei) hear numerous 
hairs that are tactile and also others that are the organs of the 
chemical sense, taste, or smell. The animal can hear, in the sense that 
its delicate hairs perceive the vibrations in the water just ns the ears 
of higher animals record Lhe sound wa ves of the air. These * v hearing^ 
hairs arc especially located on the aniennae and intexumles. The 
antennae now liace lose the spine and the exopodite of the zoeu, and 
only the flagellum remains. The first two pairs of appendages arc 
practically in their adult crab condition, although still minute, of 
course. 

The shape of the body is now more that of a crab than that of a 
*oeu, but in some respects it is intermediate between the two. The 
spines of the stoenl carapace ora lost and the body is somewhat flat¬ 
tened from above and below. However it is still considerably 
longer than broad and in this respect resembles somewhat the body 
of a shrimp. In fact the megulops may be said in general to have 
the body of a shrimp or crayfish with the legs of a crab. The 
abdomen is like that of the crayfish and in swimming jg carried 
extended straight out behind. When the animal comes to rest, how¬ 
ever, it is folded under the body and the megnlops then looks very 
much like a tiny crab. 

The zoeal mouth parts are very little changed in the mega lops. 
They become larger and mare hairy. The mandible (fig. 33) shows 
one considerable change in, accordance with the development of 
all the sc use organs, it now bears a palp, which is ap organ of 
1 io4g and of touch. In addition to the mouth parts of the itoea the 
mvgalnp* has three other poire of mouth parts. The firet (fig. 24) 
aiifl second (hg. 25) max ill i pads nrs no longer organ* of locoino- 
tidii. iheir exopodites are not now their main functional parts, 
but on the contrary form rather slender palps that probably have 
merely a tactile function. The basal portions of the appendages 
are greatly enlarged and along their median borders bear stout 
hairs, Tbc ctulopodites jirt enlarged and mufmular. Their proxj- 
mu! segments bear stout Imira along their median holders and with 
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similar Rtmctitres on the bam] segments of the appendage t hem mt 
as month porta for holding the food and passing it up to the mandi¬ 
bles. The third Btaxillipeds (fig- 2G) hove undergone a wonderful 
growth- They are now by far the largest and most powerful of ihe 
three pairs of maxillipeda* With these changed in structure and 
functions the muxiliijXHb reach practically their adult condition. 
Their further development consists mostly of increase in size and 
power and the development of their hairs us organa to aid in eating. 
The six pair* of appendages that form the month parts of the 
megulops are practically the same in structure !l$ those of the adult. 

The greatest chtfngc in the transformation from zoea to mcgulops 
occurs in that region oi the body that carries the pendopods nr 
walking hgK This region now becomes the largest part of the 
body and b considerably larger than the head region. All of the 
pureiopods are well developed and each has practically its adult 
condition except the fifth. The pincers arc large and are well 
developed* They form effective organs of oifeiise T and the mcgalops 
does not swim along the surface atul trust to luck to send a few 
diatoms or protozoa to the spiny basket of its mouth parts. It can 
see well and swim swiftly. It singles out its prey and pursues it. 
The food of the megolopa consists of any animal small enough for 
it to cope with successfully* Other smaller Crustacea come within 
thb category and many n luckless zoea of its own rave falls a prey 
to the fierce cannibalism of the mcfulops. The pray is caught and 
crushed in the pincers and passed hack into the grasp of the mouth 
parts. These prepare it for swallowing. The prey is not bitten 
into pieces but rather is mushed until it can be crammed whole into 
the mouth opening. The seconds third, and fourth pairs of peneio- 
pods are well developed, but are seldom of Use to the laegnlupa at 
this time. They arc carried folded in swimming but enable the 
larvae to ding very tenaciously when it conies to rest on some 
Hooting hit of seaweed or bark or when on some rare occasion it 
has the good fortune to find a hit of decaying meat. The fifth pair 
of pereiopodfc are peculiar Instead of ending in pincers or needle 
points for clihgirtg they end in a tuft of long ludrs and the append- 
ages are carried folded up over the back. They seem to l>e of no 
use to the megalops. In their position they recall the fifth pereio- 
puds of those peculiar crabs that use these appendages for cling¬ 
ing to protecting shells like the clam-shell crab (^TypocQncha) t 
or those forms that ding to sponges or sea weeds like the red sponge 
crab (Dromidia a*Utll#t w/sj. The gills of the mega lops arc Ijornc at 
the base of some of the peretapodsi 

The abdomen is the distinctive feature of the megulopE?. It is not 
like that of either the znen or the crab. The appendage® of the abdo¬ 
men cue now the organa of Income a ion. On each of its sj x segments., 
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except are two wdl-dcvclojjecl pleopods or swimming appen¬ 

dages; each of these consists of basal segment, exopodifce, and etidop- 
odite, (Fig- 27.) The cxopodiies carry from 7 to 14 plumose swim¬ 
ming haire. The endopodites (fig. SB) are small and bear two or 
three curly processe- which arc suii] to serve to lock together the 
pleopoda of a pair and insure their beating synchronously* When 
the abdomen is extended anil all the ploopoda are beating together 
they swerve as u very effective locomotive apparatus, and the megalops 
is driven forward with groat swiftness. It is perhaps the swiftest 
5-wluimer of all the minute arthimls at the surface. Not many of the 
crab larvae lose their lives during the megalops Stage. 

The ui^gulopn swints about for nearly a month. Unlike the zoea it 
df*H not pt through a aeries 'jf multa i luring thw time, although U 
undergoes considerable internal development, After some three or 
four weeks of its roving existence these internal changes begin to 
affect its swimming powers. The swimmerets or pleopods begin to 
shrivel up slightly* After this begins the mega lops is glad to find 
some convenient place to cling and hide. Such [dares are most com¬ 
monly found in the shallow water neat the shore where a rotting 
board already honeycombed by the tiny tunnels of the wood-bo ring 
am phi pud {Chjjluf'u) or an encrusted oyster shell may offer an ideal 
1 tiding place. This loss of the power of the pleopods for swimming 
marks the end of the sea life and advent hits of the larva* When these 
organs lrj*e their function it will never again he able to swim. 

The zuegalops may spend several days or even n week crawling 
around in its new and temporary shelter. The flesh of its pleopods 
is withdrawing more and move from the hairy chittnous sheath that 
nuuk them organs of swimming. At length the. mvgalops molts and 
out of the nLOgalnps fifiell crawls the first tiny fiddler crab although 
even-lit this stage it could hardly be n?t:ognized as a fiddler although 
it is undoubtedly a crab, 

CHANGE TO THE TOUffO CRAB. 

The young- crab (fig. 82) differs most from the megalops: In the 
di^pe ami relative siae of its thoracic region find in the changed 
abdomen. The thoracic region is now distinctly flattened and nearly 
m broad as it is Jong. It is quite different in detail, however* from 
t hat n f l ho adult fit Id ter. Its latent I margin forms a wavy I hie instead 
of being straight. Up to lhis time the developing larva has retained 
practically the same distribution of pigment spots jls wub character- 
htk- of the earliest The spots arc larger in the m^iops and u 
few additional spots appear in the thoracic region but even in the 
joe galops like distribution of the spots coincides very closely with that 
of the Ht>£ woea. lit the earliest crab, however, the entire 1 *k1y is 
closely covered by numerous small pigment spots rather uniformly 
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distributed. Those continue to midtiply from this time on and later 
arrange themselves into the definite color pattorns of the ad nils. 

The abdomen of the young crab is gratLly changed* Tl, too ^ h con¬ 
siderably flattened and it is carried permanently flexed under the 
thorax as It is in the udtili crab. Tin* abdomen fits dosety into a 
groove on the under surface of the thorax. The pleopqdfi of £hc 
luegalops aw still present but they are sadly changed, Instead of 
being powerful swimming organs they are mere wrinkled finger- 
shaped sacs. They are almost empty of flesh and, of course, contain 
no muscles. 

Since it can no longer swim the young crab must depend upon 
its pereiopods for locomotion. During the mcg&lops stage these were 
used for clinging only and in the young crab they are conspicuously 
more efficient fur dinging to its refuge than for walking, and run- 
tiing is quite out of the question* The young crab has undergone 
very little change in its sensory appendages and mouth parts* Each 
appendage is somewhat larger and somewhat better adapted to its 
physiological use. One or two new gills are beginning to appear 
on the bases of the mimlltpeita 

Mure noticeable changes occur m the appendages of the posterior 
part of the thorax. The fifth pereiopods have lost their long hails 
mid are no longer carried tightly folded over the back. They now 
have the sharp distal points of dinging legs and they still have it 
tendency to turn up over the hack. They are distinctly useful to the 
little crab now. however, in clinging to an object behind it The 
fingers of the pincers arc now just alike on both hands of nil the 
young crabs* They tire of the same rifle anil both fingers end m 
rounded points that are hollowed out like spoons. They are well 
adapted for picking up small objects and from now on the young 
crab must get nearly all of its food by picking it up from the bottom 
rather than seizing it in chase as the megalops did, Omncquently 
it begins te make fur the shore where an abundance of food is washed 
in by the sou and left in accessible places* The young crab is very 
weak and awkward, but by dinging to ntty support that offers it 
slowly gains the bench and crawls out on the land for the first time. 
It tioes not leave the wet parts of the beach, however, but remains 
down between the title lines* TTcre they may be found crawling 
around in considerable numbers during the hitter part of ilae sum¬ 
mer* They are very weak and awkward anil even the tiniest wave¬ 
let will roll them over and over. Accordingly they do nut venture 
far out on the open beach but remain hidden under the protecting 
rim of a bit of oyster shell or water logged worn] or else cling to 
tiny sedge rootlets that have been washed bare by the tide The 
rmbs arc very helpless* but are almost invisible on the damp sand 
where they live* 
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After crawling feebly about for three or four tluvs picking tip 
what foot! it etui find, the young crab molts, After the molt the 
stseoiuj crab (fig. S3) shows only minor and relatively slight change? 
in structure. The carapace is now jiljont 1$ millimeters long nnd 
nearly 2 broad. It it thus very nearly the same shape ns in the 
n^ult crab. The only other notable change in structure is the further 
atrophy of the abdominal appendages, These have become quite 
minute and arc entirely absent on the sixth segment. Although the 
« hanges in structure have been slight, the second crab is much more 
active than the first and runs about on the beach with more assur¬ 
ance and speed. It still remains near some protecting hit of beach 
debris, however. After about four or Sve da vs a second molt 
occurs. 

The third crab (fig. 34) k slightly over 2 millimeters broad across 
the cam puce. It now rims about freely enough and may even dig 
it>- first burrow. This burrow is only an inch or two deep and is 
pist wide enough to admit the little crab, but it is sufficient to pro¬ 
tect him from the incoming tide and the lively small enemies that 
come in along with the tide. The only considerable difference in 
structure is the com pine atrophy of the mega bps plropcxk. These 
tire generally absent entirely but they may be present as extremely 
minute bads that may only be seen under the high magnifications 
of a in: crow opt* (500 diameters). 

After about a week the third molt occurs. The fourth crab is 
Oliout It millimeters broad across the carapace, A careful est,ruina¬ 
tion of the little crabs of this sko would show that they are no longer 
all exactly alike in their external structures. In about half of them 
one of the pincers is slightly heavier and larger than the other. 
(I igs. So and 30.) These an* the male crabs. On the first and 
second abdominal segments of the males there are now developed 
mnmte buds that will develop into thy sexual appendage, of the 
adult fiddler. The females .show* no differentiations of the pincers 
am an elimination of their abdomens shows a pondages on the 
fecund, third, fourth, and fifth segments although these are still very 

minute. Horn this time on sexuol differentiation becomes more and 
inure pr^nounce<L 

men the young crab is about i millimeters or a sixth of an inch 
acmes its carapace* has become quite distinctly differentiated us a 
fiddler crab. The large pmcer of the male has Income considerably 
fairer than the feeding claw, although it is shorter and thicker in 
proportion than the enormously elongated daw of the adult male, 
rite carapace shows the square box shape of the adult, and on the 

**]*? i! UX | Ut|1 l U nu,ut ^'l J#r ^ i there tire developed brushv hairs on 
which Hie water that k driven out of the gill chamber may lie 
aerated Iwfore it is sucked in again. This makes the little crab 
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raoro independent of the moisture of the immediate water’s edge and 
lie may wander about more freely on the bench. The eyes are also 
provided with n joint and an erectile muscle at this time so that they 
mu}' be raised upright over the care puce like two periscopes anil car¬ 
ried in tliis position which is so characteristic 0 f beach crabs. The 
abdominal appendages are not fully differentiated, but they show 
dearly all the parts that will form the sexual appendages'of the 
adult. The young crab after this lives just like the adult. It gets 
its food from the sand on the bench, digs its burrow between'the 
tide lines, comes out and feeds when the tide Is billing, and hides in 
its burrow when die tide is coming in. It continues to grow, and us 
it grows continues to molt time after time. Of course, as the crab 
grows larger it digs a deeper and larger burrow. 

During the remainder of the summer and the early autumn the 
young crabs continue to grow and molt anil grow again" The colony 
on the beach is always being recruited by late arrivals from the sea, 
because the breeding season of fiddler* is a long one' beginning in 
early Bp ring anil extending through the summer and on into Sop* 
tember. Besides their increase in size, each sex undergoes a slow 
transition to its sexually mature conditions. In the males the great 
daw becomes disproportionately larger and larger. It retains its 
juvenile shape, with its short, thick parts, until the young crab Is 
abnm u year old. Then, with the completion of sexual development, 
tho hand and the fingers lengthen to form the threatening daw of the 
adult male. The chief change in the female is in the abdomen. 
This gradually gets broader and broader until it fits over the under¬ 
surface of the body like an apron. It is becoming better and better 
fitted to serve as a support for the great batch of eggs that wi ll later 
he attached to the $irinmitrets h 

When, the weather begins to get cold in the lata autumn all tho 
crabs on the beach crawl into their burrows for the winter hiberna¬ 
tion. The unlucky larvae and tittle crabs that are not yet strong 
enough to dig their burrows perish of exposure during the first cold 
weather. All during the winter the crabs remain buried. If there 
comes n period of warm sunny weather lasting several days, how. 
ever, n few individuals may come out and run ahout on the beach. 
f ] ny esm not giit much food now, because the mrfm» of the 
is not teeming with life as in the warm summer and the sand w wind- 
raws” of the beach are little more than sand. 

As soon os the first warm weather comes in spring all the little 
fiddlers become lively again and dig themselves out. Some of the 
young crabs of the preceding summer may have become sexually 
mature by this time and by early April they lay their eggs, and sooii 
the sounds and adjacent sea are receiving new swarms of delicate, 
active zoeas, setting out upon the great adventures through which 
every fiddler crab must pass in its youth. 
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THE SENSES OF INSECTS. 


By N. E. UcIsdoo, rtr. D., 

Ituert FhyMagM, Bvrwii of fSn«mr>log\f t H'ajrfrinyJo*, D. €■ 


(With 1 plated 

Insects, like all other aairaals, acquire their information concern¬ 
ing the world through their senses, nnd this is accomplished by 
means of impressions or stimuli affecting tho sense organs. The 
world to us is chiefly a world of visions or sights; all the other senses 
are secondary, and otic of them—1. e., the sense of smell—is so rudi¬ 
mentary that it is m> longer comparable to tlio same sense in some 
other animals. The world to a bloodhound is chiefly a world of 
scents, ndnre, or smells, nnd in this case the other senses piny n sec¬ 
ondary pi are, and the world to such insects as nuts and bees is not 
only a world chiefly of smells, but tho olfactory sense pUys such an 
important part in their lives thut should it l*e suddenly destroyer! 
these insects could no longer exist. Thus an individual's world is 
determined principally by his roost important sense, i. e., we gain 
most of our knowledge through our eyes, while n blind man acquires 
rnoHt of his knowledge through the senses of hearing and touch, 
which are closely allied. Every person lives in a world somewhat 
different from that of any other person, and reasoning along this 
line there must be as much difference between our world ntu! the 
insect world as there is between day and night. Now let ns briefly 
discuss tho various senses of insects in order to determine tlie nature 
of the insect world, hut it must bo rememljcred ol the outset that we 
are liable to misinterpret their activities, because the Uist that we 
ran do is to compare under similar conditions their behavior with 
on re, and since insects are developed so differently from us, we really 
have no right to make such comparisons. 

THK SENSE OK SIGHT. 

Insects have two kinds of eyre, simple and compound. On most 
species both kinds are found, on some either kind alone, and in a 
few no eyes at all. The most primitive living forms and the lurviie 
of tho si«cializcd insects (thusc with complete metamorphoses) have 

m 
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only simple eyes f which *eein to be direct heirlooms from the eyes 
of worms. The compound eyes (figs. 1 to 4) or® paired anti lie on 
the sides end top of the head,, while the simple eyes (fig. L only one 
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nfoown), usually three in number and arranged in n triangle*, lie near 
the top of the head between the compound ones. 
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Tin? compound eves ary not Complex or specialised derivations of 
the simple ones, but tin* of independent origin and of obviously dis¬ 
tinct si nietum] character,. In structure they are wonderfully com- 
plex and most delicately organized, being fur more so than those of 
the vertebrales or iiudlunu* Externally each compound eye presents 
si number (from T to £7,000) of facets or microscopic polygonal m 
tioular windows. These are the cornea of the eye. Behind each, 
flicet or corneal lens there U a distinct and independent sabcylin- 
tlrku! eye element which is composed of (1) a cry Ft id liar lens {want¬ 
ing in tunny insects), (2) of pigment matter, and (S) of a special 
nerve ending* According to 41 tillers mosaic theory of insect vision, 
each of these eye elements perceive? that bit of the external object 
which is directly in front of it—that is, from which light is reflected 
perpendicularly to its cornea! lens. All of these microscopic images, 
each of a small port of the external object* form a mosaic of the 
whose object, and thus give the familiar name “mosaic vision 71 totha 
particular kind of seeing accomplished by the compound eye. 

The character or degree of excellence of Fight by the two kinds of 
eyes obviously varies much. The fixed foeuu of the simple, eyes is 
extremely short* anti probably their range of vision is restricted to 
sin inch or two in front of the insect's head* It is generally agreed 
among entomologists that they avail little beyond distinguishing 
between light and darkness*. Relative to the compound eves the focus 
is also fixed, but is longer, and the range of vision probably extends 
to £ or 3 yards- According to Mfiller's theory, which ie supported 
by several reliable oWn-era and w hich is generally accepted by ento- 
mologists, the larger and more convex the eyes the larger will be 
the visual field, while the smaller and more abundant the facets, 
tho sharper and more distinct will be the image. Although no change 
in focus tun be effected* as in the human eye, nevertheless Exner 
claims that certain accommodation or flexibility of the seeing func¬ 
tion is obtained by the movement of the pigment, which tends to 
regulate the amount of light admitted into the eye, and by differences 
in size and pigmental character of the eye element, which tends to 
make part of the eye especially adapted for seeing objects in motion 
nr in poor light, and another part for seeing in bright light and for 
making a sharper image. 

Both Plateau and Exner claim that while the compound eye is 
inferior to the vertebrate eve for making out the forms of objects, 
it is superior to the latter in distinguishing the smallest movements 
of objects in the total field of vision. They believe that it is used 
mainly for perceiving moving bodies. Mullock agreed with Plateau 
in that inserts do not see well; at any rate, as regards their power of 
defining distent objects and relative to insects having compound eyes 
there is hardly any practical limit to the nearness of the objects 


464 AXNT AL ET SMLTH50NTAX 1H«TITU 110X T ITCfl, 

which they cun examine, whereas in the simple eye the foes! length 
of the hiih hlulls the distance at which n distinct view can he obtained- 
Plateau thinks that the i^impound eves are not complete v isual organa, 
but mainly organs of oriental ion, find that they do not distinguish 
the form of object^ or, if they do, distinguish them very badly, 
Lubbock* however, does not agree with Plateau, and claims that they 
discern the form of bodies better than Plateau supposes. Fore! 
says that im-cLs only distinguish the contours and forms of objects 
in n more <*r less indistinct fashion, tlie more indistinct sv.h the number 
of fai-ets is 1e>s T as the crystalline lenses are slimier, as the object is 
farther off T or as it is Smaller. Insects which have large eyes,, with 
several thousand faretn, pee form- fairly distinctly. By aid of their 
compound eyes certain injects appreciate the direction and distance 
of objects during flight; this is at least correct for near distance?, 
and Ford also thinks that they appreciate, even when at rust* the 
distance of immobile objects. 

Some injects can listiiiguhh colors. Lubbock has experimentally 
proved that bees, wa^p-, and ants have this power, blue beiiur the 
fav orite color of the- honeybee and violet of link the ants being ?eitsi- 
tive to ultra-violet rays, Butterflies. high in the uir, will descend, 
mistaking bits of colored paper for flowers; certain white hutter- 
tlic.' usually preferring white Movers. and yellow butterflies showing 
a preference for yellow flowers. 

THE SENSE OF SMELL. 

Of *11 the human special senses we seem to know least shout the 
olfactory sense. This is pardonable because the souse of smell in us 
is more or less rudimentary- Despite our degenerated o! factories we 
cun, by special effort, cultivate this sense, and should do so by all 
mean*. I NH^ause odor* are daily becoming more important Alexander 
Graham Hell, diseuyang the physical-ch^micul possibilities of odors, 
says that an odor lias already made one man famous, and wants to 
know who h ready to evolve a new science by measuring or reflecting 
a smell. He says: 

3 i 'irni out wtuii nn imIit is—wither n is tin emjuxid no mid therefore subject 
u> belnit weigh*!, vt a viljraiii)& and tterefom capable of beliaf reflected. Odors 
ELre bmmEnjr more and mote important Lei the warlUs cif e&pegfmenl 

iujlJ in medkloe— amt tile oeeil of more knawleUtie will Lrln^ forth more know!- 
wl^t, an Knrely as the sun 

The following discussion will sdiow that in regard to otlor^ insects 
ha^o already evolved a new science and are capable of classifying 
and analyzing odors, many of which are unknown to us. They can 
do this ? of course, not sis we may be able to soma day, hut. furthermore, 
hine evolved special organs for producing odors und 1 uglily developed 
ones for receiving them, lu fact the olfactory sense of insect^ 
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particularly in the honeybee* is so highly developed that we do not 
have any more conception of it than does the honeybee (if it could 
ill ink as we do) of our wonderfully developed sense of sight, which 
is able to distinguish accurately the size* form* ant] color of objects. 

It has always been it matter of conjecture as to how the various 
lower animals recognize each other, and by what means the sexes of 
any species distinguish one another. At first thought it might bo 
claimed that sight is the chief moans by which any animal Laving 
eyes can recognize other nninrnla, but after a second thought wo recall 
that die eyes in the lower animals are not ns highly developed as 
Kiev arts iu the higher animals; and we know that many of the lower 
live ha. dark places ami that some of them are partially or 
totally blind* For example, the eyes of some beetles and spiders 
inhabiting caves function little or nut at alb and despite this fact, 
the-SG animals seem to distinguish one another as easily as do those 
with normal eyes living in light places. Relative to blind or partially 
blind species, touch may be the chief means by which they recognize 
one another, but during the courtship of cave spiders the writer ob¬ 
served that the males recognize the females of the same species at 
short distance- and even before the males touch the webs of the fe¬ 
males," loach, therefore, mn not be the chief means of recognition 
for ca va spiders and perhaps not for any other animal Since we 
know so little about the senses of hearing and taste in the lower nni- 
inula, we may safely dim male them m the chief factors in recognition. 

That the lower animals do recognise one another without using 
the tactile organs, and as their sense of sight is not sufficiently de¬ 
veloped to he the chief factor in recognition, we may assume that 
the most important factor h some chemical sense, perhaps similar 
to our olfactory sen*e. If the olfactory organs arc the chief means 
of recognition they must constantly receive stimuli in the form of 
odors, and these odors must be emitted by the animals themselves. 
If this is true, it would seem that the odor emitted by one animal 
should bo at least slightly different from that of any other animal, 
and reasoning >□ this way Jaeger believes that most animals emit 
odors peculiar not only to the individual, variety, rare, and species, 
but also to the genus, family, order, and class, and that these odors 
arc the cjief means by which one animal recognizes other animals. 
Without the aid of tho eyes he claims that the degenerate human 
■ . I factories are able to distinguish a horse from a cow, a goat from 
n roc, a dog from a cat, a martin from a fox, a crow from a pigeon, 
a parrot from a ben, n lizard from a snake, and even a carrion crow 
from a hooded crow, Bfockmnti remarks that the anal mucous mem¬ 
brane of mr domestic animals, particularly the dog and rat. contains 
glands whose secret ion emits a comparatively mild odor, which prob- 
42808 *—#£ — 30 
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fihlj serves us a secondary sexual purpose, but in other carnivores, 
such as the ottor. lj&dgKr, wolverine, mink, martin, ferret, ermine, 
weasel, and skunk, the scent may be fur from mild, and in many eases 
is used either us a mentis of defense or olfense. 

The present writer 1ms described n special organ for producing 
odors in the honeybee, It i-nnsists of many liny giaiuis which empty 
their secretion into the folded articular membrane between the fifth 
and sixth abdominal segments on the buck of the I we. Specially 
devised experiments showed that the secretion was the source of the 
individual, family, and sexual odors. 

Scant-prod ucing organs have at ready been found in most orders 
of inserts and probably nil insects have some way uf producing 
orlors, The known organs vary widely in structure; the simplest 
tylw consists of many tiny glands widely distributed over the entire 
Ijody, and the most highly developed type is much more complicated 
than that found in the honeybee. 

The present writer determined from his own experience that the 
human none can Lis iruined to recognize a number of characteristic 
odors pertaining to the honey lire. At the beginning of his ex peri* 
nicnts ho was able to distinguish the hive odor (the smell of the bees 
in the hive, collectively), the brood odor (the smell of the larva- sad 
pupir, lig. S T R~£} (pi. l)) r the honey (J.) odor, the pollen or bee- 
bread (E) odor, the wax (-/) odor, aud the odor coming from the Iwc 
.sting. After a few months’ practice he was able to recognize the 
three casts of 1n*es (figs, 1-3)—tprceus, drones, and workers—me rely 
by smelling them. 


! dd workers constantly give oil the rhn met eristic bee odor, and 
when seized they emit another distinct ndor which comes from the 
piii^jn ejected through the sting, N’o difference between the odor of 
n guard (tig. l (pi. I)) nnd that of a fanner { G ) could be dis¬ 
tinguished; the.odor from each closely resemble the hive odor: that 
is, the odor which comes out of a hive when tlie hive cover is removed. 
A worker carrying poller gives off besides the bee odor another odor 
which conns from the pollen. 

The younger the workers the less pronounced is the bee odor emitted, 
i u rljp uunijih nose the odor emitted by nurse bee# (0^, a / (pL 1 )} 

and wax generators (//) is much less pronounced than is the odor 
from old worker 


W orkere just merged frem the cells have a faint sweetish odor, 
but lack the characteristic bee odor, and workers removed from the 

itdlfe just before tliey begin cutting their way out unfit a fainter sweet- 
ten odor. 


* Imh- a strong, sweetish odor, while the odor from queens 

jus; emerged from their cells is much less pronounced. The queen 
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odor is very pleasant and is ns characteristic for queens a* is the hec 
odor for worker?. 

The majority of old drones have a faint odor, while alnm^t every 
young drone lias 31 stronger odor. This odor is slightly different from 
that of young workers and is less sweetish. 

By means of specially dev used experiments the writer proved that 
the bees themselves can distinguish a much greater variety of smells, 
and that these ploy a most important part in their lives. 

It is certain that si queen gives off an odor, and it seems reasonable 
that the odors from any two queens would be slightly different. All 
the offspring of the some queen seem to Inherit a particular odor from 
her* This odor* called the family odor, perhaps plays little or no 
part \n the lives of bees, for jfc is certainly masked by the other odors. 
Drones seem to .emit an odor peculiar to their sex, but little can he 
mid about it. It seems certain that each worker emits an individual 
odor which is different from that of any other worker. It is also 
probable that the wax generators and nurse bees emit odors slightly 
different from those of the field bees. 

Of all the odors produced by liees, the hive odor La probably the 
tnQ^t important. Tt seems to be the fundament 31] factor or principle 
upon which the social life of a colony of bees depends and perhaps 
upon which the social habit was acquired; without it n colony of bees 
could not exist. The hive odor is composed chiefly of the individual 
odors from all the workers in a hive and h sup piemen led by the odors 
from the queen, drones, combs, frames, and walk of the hive, etc. 

this dr 1 Coition it is easily understood why no two colonies have 
the same hive odor. 'Hue hive odor of a queenlcss colony is perhaps 
considerably different from tlml of a colony which bus n queen. The 
absence of a queen odor in the hivo odor probably explains why the 
workers in a queenless colony are irritable and never work normally. 
All the bees—workers, queen, and drones—in a colony carry the hive 
odor of that colony on their bodies among the hairs. This odor serves 
as a sign or murk by which all the occupants of a hive know one an¬ 
other. Since the queen and drones are M uriftocnits/* they seem to 
disregard the sign that has been thrust upon them, but whenever a 
queen enters the wrong hive she soon “ realizes w that she wears the 
wrong badge. 

Vi orkcr bees returning to the hives from the field pass the guards 
unmolested because they carry the proper sign, although the hive 
odor that they carry is fainter than when they left the hive, and it 
is also partially masked by the odors from t 3 ie nectar and pollen 
carried by these l.ws. 

Bees kept in the open air for three days lose all the hive odor 
carried on their bodies, hut each bee still emits its individual odor. 
When a colony is divided the hive odoi in each half soon changes. 
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«> that by the end of the third day thg original colony possesses a 
hivo odor so different from that of the other half of the colony that 
when the workers ure removed from the two now colonies jiinl [ire 
placed together in oljservatlon coses they fight one another as though 
they had been separated nil their lives. 

While a foreign hive odor rails forth the fighting spirit in workers, 
the queen odor always seems pleasant to workers regardless of 
whether the queen belongs to their hive or to another hive. Even 
though the queen odor forms a part of the hive odor, it is probable 
that this odor to the workers stands out quite prominent I v from the 
hive odor. That workers do not miss their queen for some time after 
she has left the hive indicates that her odor thoroughly permeates 
the hive odor and that whenever this odor grows faint Llie workers 
''know ” that she is not among them. 

There has been much speculation concerning the ruling spirit or 
power in a colony of bees. The present writer is inclined to believe 
that a normal hive odor serves such a purpose. The hive odor is a 
means of preserving the social life of the bees from without and the 
queen odor which is a part of it insures continuation of the social life 
within. As already stated, the workers “know ” their hive mates by 
the hive odor they rJirry. This mlor insures harmony nnd a unite*,I 
defense when an enemy attacks the colony. The queen odor con¬ 
stantly in forms the workers that their queen is present. Even though 
she does not rule, her presence means everything to the bees in per* 
pet lotting the colony. Thus by obeying the stimuli of the hive odor 
nnd queen odor, and being guided by instinct, a colony of hew per¬ 
haps could not want a letter ruler. 

Fielde claims that a certain species of ants bears three * list!net 
odors as follows; (1) A scent deposited by her feet, forming an 
individual trail, whereby she truces her own steps; (it) an “ inherent " 
,1 nd inherited odor, manifested over her whole body, identical in 
quality for queens and workers of the same lineage, and n means for 
the recognition of blood relations: and (3) a nest odor, consisting 
of the commingled odors of all the members of the colony anil used 
to distinguish (heir nest from those of aliens, Miss Fielde says that 
the odor of ants changes with their age, and that 4 a cause of feud 
between ants of the same species living in different communities is 
a difference of odor arising out of difference of age in the queens 
whose progeny constitutes the communities, and difference of np« in 
the ants composing the comm unity/* She cells this odor the “pro- 
gressive odor, and further claims that w fear and hostility are 
excited in the ant by on ant odor which she [the allt] has not indi¬ 
vidually encountered and found to be compatible with her comfort/’ 
The same author calls the family nr “inherent ” mlor the “specific-" 
odor which is transmitted by the mother ant to all her offspring of 
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both sexes witliiu the species. Miss Fields claims that acts cul only 
differentiate the innate odors peculiar to the species, sets, taste, tmd 
individual, hut also the ki incurred H odor of the nest and environ¬ 
ment, and furthermore they can detect " progressive ” odors due to 
change of physiological condition with the age of the individual. 
She says that "as worker ants advance in age their progressive odor 
intensifies or changes to such & degree that they may he said to 
attain a new odor every two or three months/' 

Wheeler, writing about the odors of ants, says that the sjiecilk odor 
may be readily detected by the blunted human olfactories. Thus the 
odor of one species is pungent and ethereal; of two other species, 
smoky; of another species, like the lemon geranium or oil of eitro- 
nella; of snme other specie, like mammalian excrement; and of still 
other species, like rotten coconuts. 

Concluding from the experiments on ants made by various ob¬ 
servers, the family odor ill tin's® insects stems to play an important 
role by enabling the offspring of one queen to distinguish members 
of their family from those of alien families. ltd alive to ants, the 
family odor m probably as irngiortant ns is Hie nest odor, but in the 
honeybee, where certain social habits have l»en advanced to a higher 
degree, the family odor is of little or no use, because the hive odor 
has assumed»ueh an important role in the recognition of Hie menilwrs 
of the same or of a different colony. Each colony of bees has its 
own hive odor, a small portion of which adheres to die body of 
cEti-h member of that colony, so thut a lice is never entirely devoid of 
the hive odor. Should Workers l*e forced to remain in the open air 
for at feast three days, which is scarcely possible, they would lose 
their hive odor, and should they try* to enter their own hive they 
would be attacked bv their sister guards because the family odor 
emitted by them would not be u sutliciont proof to the guards that 
they were friends; of course if the guards had also lost their hive 
odor they would let these sisters cuter unmolested. 

.'Cow, let us end the discussion concerning the recognition among 
insects, based on the id factory sense, and let us endea vor to locate 
thn olfactory organs. Ever since the time of Aristotle many writers 
have speculated about the seat of smell in insects, but this subject 
has been the grated puzzle of all. The curliest writers, forgetting 
that the insert organization is entirely different from that in ilie ver¬ 
tebrates. tried to hnmologize certain parts in insects with correstnnid- 
ingly similar parts in the higher animals. Thus the snout, mouth 
cavity, esophagus, and certain glands in the head were declared by 
their various advocates to be the proper places for the location of the 
olfactory organs. When real invest igiuors licgun to reason und to 
experiment all of the ahove imaginary seats were abandoned und the 
spirneular anil antennal views were accepted- Then it was finally 
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sho^n that the sent is* iuul located m the spirndcs or brvatiling pores 
on the sides of the insects body. With die spiracles eliminated tlu?re 
remained only tlie view that the seat of smell must he in the antennae 
or feelers, {Pig. I, a,) This view was still more or less doubted up 
to 1880, when Hausers comprehensive and apparently infallible 
results appeared in print fits results were generally accepted! and 
for several years the debuted question was settled, but a critical analy¬ 
sis of his results has proven to the satisfaction of the present writer 
Unit the antennal view ran not hold good either from au experimental 
or from an anatomical viewpoint. 

In 1909 the present writer began to study the senses in spiders. 
After a period of two years he described and determined the func¬ 
tion of die lyrtfom (lyre-ahaped) organs in spidere, and in 1D11 
begun to work on similar organs, then called Hicks's vesicles but now 
olfactory pores, common to insects. Up to dale he bus thoroughly 
studied the olfactory pares in many families of spiders and in most 
of the insect orders, including dozens of families and hundreds of 
specie, So far he Sms never failed to find these organs in any speci¬ 
men examined* and furthermore they are probably present in all 
larval forms, although the larvae of only two orders have yet been 
examined. As in spiders, they are widely scattered over the body, 
head* and appendages of insects, hut the more highly developed the 
insect the more they are arranged in groups, most of the groups 
being found on the teg^ wings, and mouth parts. So far only a few 
olfactory pores have been found on the antennae, these being pres¬ 
ent on the b&&e$ of the antennae of bees, grasshoppers, roaches, and 
crickets. 

Briefly described, an olfactory pore is nothing' more than a nerve 
(fig. % V) passing through a tiny bole in the “skin” or chit in (Vh) 
of the insect. The internal and externa] anatomy varies considerably, 
according to the insaet order examined, but structurally those on the 
ha I terra (radunentory hind wings of and mosquitos) have 
readied the highest degree of perfection. Here they are beautifully 
sculptured and their archie tore i,s really marvelous, aa may be seen 
by looking at figures 7 and 8. and furthermore since they stand knob- 
like, above the skin + " they are well protected by large curved hairs 
(Jigs, 7 and 8, Hr) I vending over them. 

In the experimental pari of the work, the writer used hundreds of 
ants, bees, hornets, Wles, grasshopper®, crickets, and caterpillars. 
The insects were first tested to ascertain tbeir normal reaction times 
to various sources of odors, among which were their food and some 
others not regarded ns irritants. Some of the adult insects were then 
mutilated by having their antennae either rut off or covered with i 
harmless substance. while the other adults were mutilated by harinj? 
most of their olfactory porn either covered with a lianulesJ mh- 
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stance or many of diem totally destroyed by removing the wings. 
After tlie mutilated insects had apparently recovered from the oper¬ 
ations, they were again tested with the same sources of odors. Those 
ants, bees, and hornets with mutilated antennae usually failed to re¬ 
spond to odors, but they were very abnormal, soon became sick and 
never lived long. Those beetles, grasshoppers, and crickets with 
mutilated antennae usually responded to odors and lived practically 
ns long as others not mutilated AH of those inserts with destroyed 
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nr covered ol factory pores responded to uilora more slowly then lm- 
fore being mutilated, and the degree of slowness Jejuntied on the 
number of pores prevented from functioning. All of these insects 
were apparently nortnul in other ways and lived practically tis long as 
intact ones. 

The rp test ion has often been raised as to how certain female 
mu tbs urn able to attract males from miles away. Mayer attempted 
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to answer this question by carrying 450 Fromethea cocoons from 
Massachusetts to the Florida keys, where on separated small islands 
the moths issued from the cocoons. This isolation insured that no 
other individuals than those controlled by the experimenter could 
confuse the observations. Some of the female moths were confined 
in glass jars with the months covered with netting, while other 
females were confined in glass jars turned upside down with the 
mouths buried in sand. Males being released at various distances, 
soon found their way to the jars whose months were covered with 
netting, bid no males come to the jars whose months wore buried 
in sand, although the moths in all the jars were plainly visible to 
the experimenter. These experiments would seem to preclude 
sight as a factor, and that the moths did not communicate with one 
another by any such means as radiography or telepathy; but if they 
did. the agency used in the communication could not pass through 
the glass jars. Therefore, it would seem that emanations passed 
away from the jars whose months were covered with netting and 
that these emanations were sensed in some way by the mule moths; 
111® females of these giant silkworm moths, however, certain!v have 
highly developed scent-producing organs, and the males highly 
developed olfactory organs, although they have not been described ; 
hut in the common silkworm moths these organs are so highly de¬ 
veloped that should the excised scent-producing organ be laid a 
few' inches from the female s liody from whieh it was removed, the 
male moth* always neglect the nearby live female and go directly to 
the scent-producing organ and try to copulate with it? 

THE SENSE OF SMELL AND TASTE COMBINED. 

Little experimental work has ever been performed to determine 
whether inrects have a true gustatory sense, although the sense 
organs on the mouth parts of various insects have been studied con¬ 
siderably. At least three different kinds of sense organs on th« 
mouth parts have been called organs of taste, but no one luis ever 
attempted to prove experimentally the function of these organ*, 
♦fudging from the fact that insects prefer some foods to others and 
that certain insects often refuse poisoned foods, it is generally be 
lieved that insects can taste, regardless of whether or not they' have 
gustatory orgnns. 

At this place it is desirable to define the human senses of *tnell 
and taste, so that we may use the definition* as a laisis for inter 
preting the responses to the same or similar stimuli m honeybee^ 
which were used by the present writer to determine whether or noi 
. insect* hare a tmo sense of taste. The sense of smell is called fort I 
by substances in a gaseous or vaporous condition, although irase' 
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dissolved in the liquids of the mouth may give rise to actual luster 
The sense of taste is brought about by substances either in solution 
when introduced into the mouth or dissolved by the liquids in the 
mouth. Parker and Stabler, after experimenting upon themselves* 
Eitill Professor Parker upon other vertebrates, say: 

Wt therefore definitely atmiuTnn thr Idea that finite anti wcneil differ m thu* 
hamlet itf ihe pljyalml romlftlim of thn h state at ftil alien far taste, 

u gaaeona or vaporous m mil t h in fin* junell, uml tnnLtiSJiin that froth an? 

xilmulatttl by jfOlatSfltLs though la fit letnt far olr tuluLblrlns verve- 

brKlea, the inlvent Ifl at a very special kind * * ", In alrdnhnhttlnjr ver- 

Mitnr™ itw? olfactory advent Ei* n slltn^ tin Id of or&ranlc origin miJ n^r hmHj 

From tlie preceding definitions it is evident that the senses of smell 
and taste in vertebrates cm not be sharply separated* and the follow¬ 
ing discussion will show that these two senses in the honey bee can 
not be separated at all. In the honey bee it will be shown that the 
sense of taste is only one phase of the olfactory sense. We have 
not the slightest conception as to how odor and taste stimuli in any 
animal net a pun nerve endings to produce the various senssitions of 
smell and taste, and as shown in the following pages* when bees 
are fed foods which contain undesirable substances emitting extremely 
weak odors they refuse to eat the foods after “tasting^ them. In 
view of the two preceding facts we may cull this [lerceptiun an 
td factory-gustatory sense, although the writer will endeavor to show 
that the gustatory sense plays no part in these responses. 

Since it is impossible to eliminate the olfactory seiLse while deter¬ 
mining whether bees have a tme gustatory sense, and os the various 
sense organs on the mouth parts can not be mutilated without causing 
considerable abnormality in the behavior of the bees while eating, 
it was decided to ascertain if bees have Likes and dislikes in regard 
to foods and to make u careful study of the structure of all the 
sense organs on the mouth appendages in order to be able to Judge 
whether or not 10*1*3 have a tr p, e sense of taste. 

The preliminary experiments in feeding bees foods containing 
various substances suggested five ellipses of floods to l»e used in other 
experiments. Foods containing strong repellents were employed to 
determine the importance of the olfactory sense in causing bees to 
avoid such substances, and foods containing sweet* bitter* sour* and 
salty substances were used to ascertain if bees show preferences 
between frwfcls having the four attributes of human taste. Pure cane- 
sugar candy (powdered sugar mixed with honey) and honey were 
used as standard or control foods and the five dieses of foods em¬ 
ployed arc as follows: (1) liepellents—carbolic acid, oil of pepper¬ 
mint, whiskey, form sc acid, xylene, formaldehyde, kerosene, and lime- 
sulphur, each mixed with candy or honey; (2) sweet foods—candies 
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tiimio of levulose, rafiinui’t', dextrose, lactose, dextrine, und 

various varieties and mixtures of honeys and su^ili- sirups; (3J bitter 
foods—quinine, strychnine, and picric add, mixed with candy, and 
chinquapin honey alone; (4J sour foods—lemon juice, acetic, hydro- 
doric, sulphuric, and nitric acids, mixed with honey; and (5) salty 
foods—various sodium and potassium salts, including our common 
table salt, mixed with candy. 

The result* obtained clearly demonstrate that bees have likes and 
dislikes in regard to foods, and it seeing that their faculty to discrimi¬ 
nate between fowl-, is more highly developed than onrs, because they 
can distinguish differences between the fowls fed to them better tbuii 
the writer, The randies containing strychnine and quinine best illus- 
tirtte this ]hi int. Equal amounts of these two bitter salts wore used; 
but when the writer tasted the candies containing them, little or no 
difference in bitterness could lie detected, although, judging from the 
number of i«es Unit ate them when the two foods were fed'alone, the 
bees distinguished u marked Jifferfuct between them. 

As a general rule, food- agreeable to us arc also agreeable to bees, 
but there are a few marked exceptions. All foods scented with pepper¬ 
mint are pleasant to us, but repellent to bees, The writer dots not Care 
for candy containing potassium ferrocynnidc, but bees are rather fond 
of it, and it does not seem harmful to them. 

In regard m the repellents used, the few experiment-; performed do 
not warrant definite deductions, but the results indicate that bme- 
sulphnr ami kerosene uro the strongest of tho repellents used while 
formic acid repels the least and carbolic acid the most among the acids 
That the ncida as a rule are not hotter repellent may possibly be ex¬ 
plained by the fact that l*es arts more or Ires accustomed to the odors 
from the adds found in their foods and various secretions, 

The results obtained dcmoifetreto (hat bees like honey best of all 
foods and that they are able t„ distinguish marked differences be¬ 
tween various kinds of honeys. Substitutes for honey as food for bens 
muy he better than honey in a few instances, but three investigations 
indicate that lui substitute can be had which will lie liked bvL -,<= 
well as tho brel pure honey. * 83 

The fact that liees most rinst cat more or less of tho foods before V - 
ing able to discrimiante difference between them, imJesjthav contain 
repllcnts, indicates that liees have a true gustatory sense, providing 
this discrimination is nut accomplished by means of the o|factorv 
sense. Sin™ this point ran not be determined experimsutaHv 
only criterion is to make a thorough study of all the sense ortmns 1 
ami near the mouth parts. This part of the work w„ a occompLhod 
uml only two kinds of sense organs were found, ns muv be scon |, v « 
frrriug to the innervated hairs, marked 6, c, e . ftn d /, and tu the olfaV 
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fury pores, marked P<st\ in figure 0, Neither kind of these 
organs is suitable as taste organs. 

The present writer, and the few other authors who hare fed in¬ 
sects foods containing imdedrable subrtaikces, have observed that the 
insects sooner or ktter refuse such foods after eating more or less of 
them- Judging from this behavior, the other authors have con- 
eluded that insects ran taste, regardless of knowing whether or not 
they have sense organs anatomically adapted for receiving gustatory 
stimuli, and without Considering the role played by the olfactory 
sense in these rftqmtism As Parker has already said for vertebrates, 
and as we well know for ourselves, it is almost impossible to de¬ 
termine whether we taste or smell certain substances when we eat 
them- To us sometimes a food, Ijefore being eaten,, emits only a faint 
odor or no odor at ml!; but when we eat it, we perceive a pronounced 
odor. In such u ease the odorous particles arc? not given oil until the 
fiM*d is taken into the mouth and mixed with saliva, Tho same prin¬ 
ciple is certainly applicable when Ws eat candies which contain 
uudesirable substances emitting extremely weak odors. As quickly 
as the saliva Im> dissolved the candy and has had time to effect a 
chemical or physical change, the odorous particles arc given off* and 
since the olfactory pores on the mooch parts are nearest the food, 
they are the first ones to receive the odorous particle^ For this 
reason the eo-enlled gustatory -i-nse in insects is only a pliase of 
the olfactory sense. 

That we ran not smell certain substances is no proof that insects 
can not smell them, for the many experiments performed by the 
present writer cause him to believe that the olfactory sense in the 
honeybee is much more highly developed than ours. 

It is reasonable to think that many foods and chemicals emit odors- 
although we may not !>e able to perceive all of them; but judging 
from the experiments cited, it is not impossible for bees to discrimi¬ 
nate between them better than we can. If tiny are not able to do 
this without eating them, only a fewtigtes** are necessary to dcmuii- 
strate their preferences. In a few instances the present writer was 
not able to discriminate differences between candies containing rcr 
tain chemicals by using both senses of smell and taste, but the bees 
were able to distinguish marked difference. It therefore seems evi¬ 
dent that this faculty in the honeybee is more highly developed than 
in man* 

In all probability bees have no other means of Hieu^eully discrimi¬ 
nating between foods than by smelling them, because m> sense organs 
were found connected with the alimentary tract between the pharynx 
and the honey stomach, and because the innervated hairs deserilied 
are not anatomically adapted for this purpose* The walls of the alb 
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mi-nturv canal certainly can not serve such a function except when 
corrosive or caustic substances are oaten. 

After once refusing foods which contain undesirable substances 
emitting' weak mlors bees sccid to know these foods and seldom eat 
any mure of them unless forced to partake of them by the removal of 
the foods they like better. 

In conclusion, it may be Said that the olfactory sense in the honey- 
Lee is highly developed anil that it serves as nil olfactory and gusta¬ 
tory jK-recptioti combined. 

THK SENSE t>F TOUCH. 

Excluding spiders, perl taps no other class of animals (including 
man) lias the sense of touch so highly developed; this is particularly 
true with those insects—as. for example, ants and liees—that carry 
their eggs in their mandibles or jaws from place to place. The 
eggs are almost miscreoaipk:, and so extremely delicate tlmt the least 
rough handling of them prevents them from hatching, hut the com¬ 
paratively large and hard jaws of tints and bees are so wonderfully 
controlled by the sense of touch that the eggs are handled without the 
least Injury. 

Relative to spiders, their sense of touch seems to be of u different 
nature, and in this particular line of evolution there is no comparison. 
A female orb-weaver at the center uf her web can tdl friend from 
fflOj "‘ale from female of her species, an insect suitable for food from 
i>iic not suitable, an bisect of u certain size from an iniuiimnt* object 
of the same slate, and she can also distinguish between sizes of any 
two objects which happen to fly ur to be thrown into her web. This is 
all accomplished by touch vibrations passing along the radii of this 
r.rl* on which the legs of the female spider rest. Moreover, during 
courtship of spiders this system of touch vibrations is utilized as a 
means of signals to inform the male concerning the proper mood of 
the female for mating—but pity the dwarfed male should he mis¬ 
interpret her signals, for instantly she pounces upon him and devours 
him without showing the least meivy, 

III man the settfW of touch is accomplished by touch corpuscles 
lying in the skin, but since insects have an exo-skeleton, a different 
system has been evolved. In them touch or tactile baits, connected 
with nerves, take the place of touch corpuscles in us. Thus, when the 
air blows against these hairs or an object touches them the stimuli 
are transmitted through the hairs and their nervous connections to the 
Lira id, wh^rc iht + impulses Am interpreted as touch* 

In insect, a* in man, all parts of the external anatomy are not 
equally sensitive to touch stimuli, tu man die tips of the tongue 
and fingers are the most sensitive, while In the honeybee the tip^of 
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other appendages nre likewise well provided with touch hairs and in 
fact every prominence on them which is apt to come in contact with 
objects hears a group i 

of these hairs, which | n jSL, / 

are usually much I Ji\ V fi!fl 

larger than those fl t B 

found on the an ten- Jf N fr[ I 1 

niie and mouth parte. TI li , p 

Even the palate and £ I ta, ' 13 

pharynx are pro- df? 10 Wk, | t * 11 ', ■ 

viiled with, many del- SSk ^ ^ f f-#®? M 1 ' 

ieote touch hairs; wfi: I j /tff 

and the head and ^ V }A WJ# W^W ivm 

body of insects also »XmA I , /lvv 

hear many irregu- vy^\ \ y Ii\ T ('$&*• 

larly scattered sense p^j I f\Wp 

ha i rs, n 1th ou gh th e Yl ^ 1 : \ 31 WeM j j , Vj \ 3 

majority of the hairs IvjA \VJ . */Yi 

found on insects it re y^*h ll 1 ''‘'V 

not connected with \&~J, 1 1 *$/ vife/ 

In size the tactile nF. \l * af *' 

hairs vary from very I Bp. \ 

large ones (fig. 0, f CB’l Im&'.V'V J 

PjJ, widely distrib- \ 

nted, to miiiviwMipic V *® V 

ones fou 1 nt in tho B / 1 Vfl rij;ji )t^cx fitt \ 

mouth cavity and ^ 

elsewhere. Tn stnu> iT l 

ture they alto) VJiry FiuK Q TO IS.—Or^aiu u( ttmdl on Ib* llun- jbet. Flf. 9 r 

eons i cl er ivhl y i blit uf mcniii pari* af n woiiuT h hj'tc*-!! am cm. 

I I i .. Hioifl&jf I&pflittDii ami aimiliftr of Teiu- 1 = Lair- (fr, e. r, 

niay lM? rolljgxdy til- and /*, all y J wlaJrh are codihcCcJ with pct?m* ^ir2>jta- ii-’ 

vided into spine I ike PJ1 itfu* are *9t ^Gaiu^ini whi* 

/i«_ . . * . m?r\>s, TLr Eallrf \mU* rtrr omHe?il in tbc ilrawing 

tv, ami Irl) lo lo jlj. wKtIaja- nl H?Ui:b basm, .HOwliLff n.Tr -f 

unci peslike hmrs *' V * ninn3n s Imti* of hsilrp- cnEarpa too osnr^. 

(fi*r T U) s the fesrmer usually bein^ Lhy larger nud more common t 
while the latter are always mietuscqpic auf| lonnd i®Jv on the an- 
teniino ami on some of the mouth parts. The peglike ones shown in 
figure 11 are callcil olfactory hail's by other authors; they are found 
only on the antennae of insects, excepting the antennae of droam 
lioneybees, Thespindike ones shown in figure l£* are found only on 
the cpipfmrvns or palate; these, and also those on the tongue (fig, & 


the antennae (feelers) and jaws ary probably the most sensitive, 
although die tongue and other mouth parts nre also extremely sensi¬ 
tive, os may be judged from the tactile hairs duwn in figiire ih The 
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p s ,), have been called ta*te ludrs by other authors. While eating 
solid foot] the fleshy epipbaxynx, suspended at the roof of the mouth 
cavity, ucts like a real tongue by feeling the food and pushing it into 
the mouth opening, where it then comes in contact with the sense 
hair- at the entrance of the pharynx, which net ns a safety device to 
prevent pieces of solid food, tix: large to go through the esophagus, 
from passing into the pharynx, 

A person often wonders how bees, since they are covered with a 
hard integument, are able to perform their many duties of caring for 
the brood, building comb, etc., but it seems obvious that they first 
examine objects with the tips of their antennae which arc covered 
with the peg]ike tactile hairs, then the jaws (fig. 0, .1 fd) seine the 
object and handle it so skillfully that it really appears marve! oils. 
All of these activities are accomplished by many tactile hairs on the 
various appendages, but particularly by the row of curved hairs 
(tig. 9, b 4 ami fig. 13 j at the tip of the jaws. which net like tiny 
fingers, although perhaps a hundred times more sensitive than our 
fingers. These hair> are able to perceive the size, shape, mid firmness 
of any small solid object, and now it is easy to understand how bees 
are able to mold the walls of nil their cells of uniform thickness, 

THE SENSE OF HEARING, 

Concerning the special senses of insects, the sense of hearing is 
perhaps the least understood; but according to the earliest writers on 
this subject, this sense would seem to be highly developed in spiders 
and insects, because we are told that some species not only make 
musical sounds, but also arc great, lovers of music. This i* particu¬ 
larly claimed for spiders, but not one iota of truth can be accredited 
to certain old romantic stories in which the hero, confined in a dun¬ 
geon, charmed spiders with sweet music suit! prognosticated the 
weather by observing their behavior. According to the latest experi¬ 
mental results, spiders are not only deaf, but also most of them are 
dumb, only a few being able to make sounds. 

Much has been written about the auditory sense of Insects, but 
critics still contend that it has never been demonstrated beyond a 
doubt that any insect can really hear; nevertheless, we should not 
expect insects to respond to sounds which have no significance to 
them, nor to sounds not in their category, because they may not hear 
the sounds that we do. The number of vibrations perceptible to the 
human ear verbs from Hi to 60.000 per second, but most human ears 
con not hear "hen (be frequency ig lower than 32 vibrations per 
second. Sow, it may be that the insect car is so poorly developed 
that it ran hear only sounds having vibration- below 32 per second 

H is generally believed that insects can bear, for three reasons 
ns follows: (1) Many have special sound-producing organs- ( 3 ) 
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lionic htvc so-called auditory of sound-receiving organs; and { 3 ) 
many of llic experimental results obtained indicate that inserts can 
hear. 

Judging from the known sound-producing apparatus and the so- 
called auditor?' organs in crickets, grasshoppers, and katydids, the 
males are usually neither deaf nor dumb, but the females are always 
dumb, although not generally deaf. The males of crickets, katydids, 
and of some grasshoppers make sounds by rubbing their wings 
together, whereas other grasshoppers make sounds by rubbing their 
hind legs against i]ie wings. Both .-'exes possps so-called ems, which 
in crickets and katydids (Locustidue) are found on the front tibiae, 
hut In grasshoppers (Acrididae) on the abdomens. As far as 
known, the female cicada is both deaf and dumb, but her mute is 
only deaf, his sonorous sound-producing organ being found in the 
abdomen, “Happy is the cicada, since its wife, has no voice,” says 
Xenarchofl, could just as well be said about the males of crickets, 
grsisshopjwrs, tind katydids. Gnibcr, after cutting off the front 
tibiae of crickets and katydids, found that they responded ns well 
to a violin and to their chirping and siniring as before the operation, 
■Stridulution, special sound-producing apparatus, and various 
typt ‘3 of supposed auditory organs, have been described in true bugs, 
moths and butterflies, flies and mosquitoes, beetles, nuts and bees, and 
also in a few larvae and pupae; yet we know very little about thri 
subject 

During the past few years the writer has made u study of the 
a ltd i tory sense in the honeybee, but no experiments were performed 
demonstrating that bees really hear, although, like others who have 
studied been, he believes that they do have soma kind of :i sense of 
bearing. His original idea was to conduct experiments, in which 
lie hoped to be able to classify and to record on phonograph records 
the various sounds heard in a hive of bees. If this were possible, 
he intended to reproduce these sounds mid then determine whether 
or not. bees respond to them. Other duties prevented this experi¬ 
mentation. Turner, experimenting with moths in die field, did not 
have to resort to such a procedure, but, nevertheless, obtained re¬ 
sults that should satisfy the most severe critics who contend th:it 
insects can not hear. 

The present writer has just finished a study of the special smmd- 
p rod living apparatus and two organs which might sene us auditory 
organs in the honeybee. Only a very brief descrjmjuo of them, 
however, can be given here. W 

The special sound-producing apparatus of the honeybee consists 
of the membranes lying between the aritUrifis or roots"of the front 
wings. Muscles, lying in the thorax and attached to these axilluries. 
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contract and relitx very rapidly, thereby c&imiilg the axi Maries to 
vibrate; consequently the above membranes are caused to vibrate 
rapidly, thus producing the piping* tec ting, or squcaliug noise* com- 
mrFitly heard when a bee lit squeezed. 

The pore plates, lying so abundantly on the antennae and called 
olfactory organs by other authors, were found to have two grooves 
(lig. 14* G) encircling each elliptical plate (P), thereby allowing the 



Fig s'. 14 asd lEV—ft hctuitle ilf a wln.cn qf Hppdfed enn ar audltdrr 
GFgejas fif Ikhi^|!hy. Fig 1 - 1 4 . {tfrtlijli t>f ti por* filn.fr from anti-ana Ln 
hitOgh and In a ly^rflplnl ^ -fcivwlat ptaii* iF) igppartcd ferj 
4 JciqWc Meig* Ntwmj 1 TFO B-rtHHTft (Qh aud ttir nem- (JVj at- 
ijivbH-a tfl nr 15. poriiou <:f h itn^toillaai melton thn^ti 

artli'ulnr tnrdilrrrnar tlft b^Cwi^-D at-Cott-d jehI third anLiMs-iji ^rg. 
mGcti, Kfcrtrlfig 3 iihnOtjR-. own, whkh cttliiftt nf kn-jb* ■ cl _ 
frcdlng laward ftrsin m^ujbouir, |o tthkft Ilfet** C Jl") a nr tttarhfd. 

plate lo move in mid out on a double hinge, as may I* st^n bv loot- 
iiip: at iVirur^! Judging fr-.m this mechanism, the function of 
(hose organs Bight he interpreted in a new light. It j s we ii known that 
many insects, when flying swiftly toward on object such as a window, 
light on their feet instead of hutting liieir heads into the object! 
Kow, it may be that the pore plates act as an alr-presstrre apparatus! 
in which capacity they inform the insects of tho object immediately 











THE SE7TRFR OF rNSBCTS—MrlSTKSO- 


431 


fn front of them. Tn mse of the hoiievlKun they might eiIso be 
smsitivc to the weak currents of air caused by workers fanning. 
It is possible that the zmm hairs are not affected by the^e weak 
currents* and, therefore, some method is badly needed to keep the 
k'ef? fonatantly informed that the farmers sire working properly. 
If this interpret!ion iscorrect., we here have another form of touch. 

Lying in the second antennal segment there is \i peculiar structure, 
known as the Johnston's organ. It consists uf ihe modified articular 
membrane (i ig. IS. .V) between the second nod third segments, and 
of many sense cells {f" f ), whose fibers (jV) unite with peculiar knot** 
(JT) extending inwardly from the articular membra lie, Cliild lias 
<\m 'ribed 11 similar organ in mosquitoes and thinks that it is an audi¬ 
tory organ* hut in the honeybee it is no better adapted to receive 
sound vibrations than are the pore plates. Tn both organs the ex¬ 
ternal membranes art? well fitted for such n purpose,, but the nervous 
connect ion* seem too crude., 

Schon has described ;i structure in the tibiae of t>ees, which he re¬ 
gards ms im auditory apparatus. It is similar in interna! structure 
to those found in the tibiae of crickets and katydids, but it has no 
external membrane ns they have. The present writer has nut yet 
succeeded in finding all the details descrilwd by Sebum 

In conclusion, it may be that the sense of hearing in inserts is mi 
no higher plane than that advocated by Ford, who believes that in¬ 
sects do not hear, at least we do, but compares r 1 1 3 s perception in 
them to Unit in deaf-mutes who feel the rolling of n carriage at a 
distance* Ford says: 

Tlparlaj? la n phyaktll senile. Sonorous waves, espeo tally those of low south] k. 
sire nearer h> Iflrjee merf males! vibrations tlmn Inuilnntnt. TOloric, or electric 
Wives. Hearing iJicrefon* must be In IIs orljihi onwHcluil with touch, but wo 
n dlltftiet difference between the |*-f?iepLloo of a very Eow iwtUMl hy touch 
and Ef-' perception by hearing. Wo in tint mu forget that tlic specialization of 
the orpin of henrin^ boa reached J.ti man a itvticbty of (lotail which Is evi¬ 
dently not found again In biavr vertebral It is, 1 believe, tb« bmk* which 
remove# us most from the lower onlnitiis. Iti anliuiUri ns hirb as nsli the 
auditory nerve is confused with other nerves, and the portion of the labyrinth 
mout iFpeclnily nlfetTfetl Tty our fuelsLH«m r iTlc r^n’lLlea, Ims disappeared. 


Till: (TEN Ell Ah SENtfKS. 

Among the general sensations might 1 m? mentioned those of 
temperature* humidity* direction, and pain. 

The sense of temperature appears ns mud or as little developed 
in insects ns in ourselves. In our skin there are distinct tempera¬ 
ture nervoB, located in warm and cold points, but ihey do not end 
in special nerve-end organs. Probably the same is true for insects, 
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although id I that we ™n say about the sense is that the must intelli¬ 
gent inserts. Sikh os ants fund bees, utilize this sensation to the irtist 
advantage in rearing their young which need u waiuith a, gentle ami 
constant us. possible 

All inserts can probably distinguish dry air from humid air. Ants 
are very sensitive to changes of humidity in tin- soil, while bees 
are always irritable end cross on very humid days. Hees eau also 
tell when n thunder shower h approaclring. 

Much has been written about the supposed scum of direction in 
inserts. Beths calk n a mysterious force that guides boos und ante 
l uck v» their home. Ford strongly denies any such sense «„•' force 
and says that the faculty of orientation U the remit of the experi¬ 
ence of known senses, combined or not, especially of sight, smdh 
and touch, according to tha ease and species. In‘aerial orientation 
vision mostly predominates; this is well illustrated by the earricr- 
pigeon and the honeybee', both of which rememiier landmarks. In 
terrestrial orientation the sense of smell often plays a predominant 
purt, ns illustrated by dogs and ants; but -mell gives place to si^bt 
m many WifmaTs , among which are man. monkeys, and arboreal 
reptilea In the orientation of subterranean and eavn-dwdling 
animals. srucll and tmicli reign ms masters. In spiders, it is touch 
which is the principal orienting sense. 

Fond think? that pain is much less experienced in insects than j tt 
warm-blooded vertebrates. Cases could he cited showing that cer¬ 
tain insects experience little or no pain nt all when wounded, while 
could I* cited indicating that they do experience pain; 
nevertheless, tbmr mp* of d.scorn fort when wounded can probabW 
be evp atned merely by reflex actions. On the other hand, bee* with 
miitilrttuE antenna? seem to suffer wnsicferttblv Ami rjd not live bn** 
They do not W«d to death for the wounds *L heal, hut ppe r fo 
die from effect* of the shock. Since pain in the higher ,i l a 
mjuirws indicator that something i s wrong, there is t good reason 
why the higher insect* should not also experience pain. 

I-VTELi.tOEJiCK OF INSECTS. 

Hoy « ye tn d»l lit btM dwwrion ecwmto- tlie , 

insects, let us inquire as to how well the sensorv imnre«k, n =T 

tzzsttstz it ;rchi, ( 'v™ m «* 
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much to the intelligence of insects. y ' lttnbutm P 
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Bt4he ehiims tlutt all the activities of insects* being guided by in- 
ftmcL cun be explained by reflex action*, and therefore it is not 
necessary for itisn'is to think and to remember past experiences* 

Fort ] I htims that insects have | j ns which are more or less 
bound tip with their instincts. Their passions vary enormously no 
coin ling to the species. Certain species are extremely irritable and 
choleric, as for example, wasps, certain suits, and a few beetles- On 
the other hand, other ants sire gentle, peaceful, and timid The rage 
of a certain ant run make it like a mud thing anil lends it lo kill its 
own slaves. Ford has noted the following passions or trails of char¬ 
acter among ants: Rage, hatred, devotion, jealousy, perseverance, 
gluttony, dkeoumgement, despair, fear, and temerity. When we 
observe the more stupid spec tea, we no longer recognize passions, 
apart from hunger* thirst, and sexual appetite. The memory of in¬ 
sects varies Hindi according to die species, being best developed in 
the social Hytnenoptera and least in the small brained forms. Forel 
says: 

Ti muBt he adrakted, therefore, that Insect* no- mimMi- of perceiving of 
learnta?. «*f rocatlKCling. of nsgQrfmtlng Uielf freoMee Horn Mint of utilizing them 
in nreomptlffi their endfc Tht-y Etnve vnrloufl enu>ttnna and their will is not 
[uui'jy imrtinctlre, hut often Individ gq] plastic HKwIlflcntlong. udapEctf to cir- 
ctmohltim, 

Bouvier in 1918 (Lo Vie Psych ique des Insectes) seems to support 
Fore Pa view bv saying that insects can not l>e regarded as simple 
reflex machines, because they can adapt themselves to civcumsiujicos, 
acquire new habit*, lenrn to rcmeml>er t tmd manifest discernment.. 

In conclusion* let ns cease looking with scorn upon insects, In- 
srteatl we should marvel at the things they have accomplished* Com¬ 
paring their organization with ours, they have perhaps accomplished 
cumpuruti vrly more than we have. Some of the social insects prob¬ 
ably adopted the laws of physiological division of labor before did 
primitive man, and they had not only equal miff rage* but also woman 
suffrage long before the dawn of our civilization. In fact, their 
evolution of female suffrage has been carried to such no extreme that 
the nudes Eire now not only defenseless and helpless in many ways but 
also have become drones in the fullest sense of the word: the males 
have degenerated to such a degree that their only purpose in life Is to 
propagate the species, while the true females (queens) are nothing 
more than egg-laying machines* Furthermore some insects* for ex¬ 
ample honeybees and plant lice* have evolved methods for controlling 
sax^ this subject has probably puzzled man as much os life itself. yet 
man can neither control sex nor knows bow to control it. 
















THE RESPLENDENT SHIELD BEARER .VXD THE 
RIBBED-COOOON-MAKER: TWO INSECT IN 
HABITANTS OF THE ORCHARD. 


By R. FL 

Offirr of Fwiitunaa Fruit Intacta, Burra u of Entonwlofflt, 


IWlth 3 

THE BESPLKNDBOT AmBLD-BUBA]*, 

In the early days of autumn, when the orchEmi begins to color with 
the mellow lints of full, then* miry Le seen in many of the apple leaves 
little oval holes, each in the larger and of :i triangular spot of dead- 
leaf tissue, An examination of the twigs and branches of the same 
trees will revent, Attached to them here and there, small yellowish 
scalelike objects fastened at one end lo the bark by u duster of root- 
lake threads. These disks may lie titled exactly into the jjerforations 



Flfl. I —Shmttrliip? wltUi’r «nh‘s vt lb® R«-tf pleud^Iit SLiSi-tiJI r atUrtatf. Il> t?vJy» in 

latpi fall, tmi bflIt* In Icnraa *Mre tVf wen; cut .from t!tu juiuixut ml Bo*, 


of the leaves* thus identifying their origin, but giving no hint of 
how they arrived at their present positions on the twigs. If, how¬ 
ever, we split open one of the little shields, there is disclosed within 
a diminutive catcrpiikr, whom we may rightly suspect of having rut 
out the bit of leaf and carried it away tu use as a winter home. If 
not disturbed, the caterpillar would have hung up in his case all 
winter, transformed within it to a pupa in the spring, and finally 
come out as n minute, feathery moth. 

When the caterpillar first hangs up in its ease it is a dark, flat- 
bodied legless creature, blit it soon sheds its skin and becomes a 
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soft, onmgc^oloTOi grub, retaining, however, nil the vita! mgans 
of !U 1 insect rii & moth produced by this simple larva's t runs forma¬ 
tion, though hut a tenth of an inch in length, not only has nil the 
parts „f tt perfect insect, but is richly dn**d in :i splendor of color, 
as if to recomjwnsc itself for it s long season of poverty and -online- 
ment by an extravagance of luxury. Entomologists have, therefore, 
given its sperjes the name of “ Resplendent Shield-bearer,” ur f or 
techmeal purposes, Coptodi*^ tpUmJvrifwll*. The cm.tore fullv 
dcservis both pans of its name, though it divides them betw«n the 
two principal stages of its history, since as a moth it h not a shield 
xurcr a lid jls a tuterpiHur it is not resplendent 

J2 tb T° th (PL ltC) aQd *• Wm of the folded 

2f n Tj P Sli ' er7 with 11 Wui5h <*** «nd iridescent reflec- 
S 1 U lamentation from which the sjieries its nnn.e is 
unshed upon the expanded rear halves of the wings, which fold 

/-old ^ m ? £ttlCp f^ hvit y on eitl,er ^c. <>n each, in a Held of 
gold three silvery white spots stand out in strong relief against areas 
of black while tho end of the wing, tapering abruptly to a point is 

\Z^Z i y " " ^ b “*" ^ inwSd^ So 

Wv f Tl ^ V > ft M,rough the conceded parte of the 

brownish ftS/h'2 ™ pI T ? al ? ^ th " ™d antennae 
<n?i Si 1 toJUt ■ ™ Ug, ‘, inhl ™ W Wh ™ ll,e «U»m 
Each consists of a feathery CVraW hTinf^duced ^ 

supporting strep itself, limt OI l!lft 

All the cotcrpiiliirt inborn a[lJ „4™« might to , 

’* 237* , l ,roJ “™K "■« microscopic bit of L-feclL 

and othei-s report finding them only after hstehing!^^^ “°re 
feted apexes are easily found, and from them we know t ha“ the 
hatching caterpillar gnaws its way through the bottom Ifthl 
And funnels directly into the interior of the leaf Th/ - 

bearer at least entere the leaf at T™7j t ??T A ? Id ‘ 

Iwtwccn the upper and lower eorfeee or aiddernuifhJ^ 1’°^ 1Ves 
the soft tissues, wiled parenchyma, bctwrei, them (,/i dPlif* °* 
hollows out a flat chamber or mine, and as it <miw Ik ’ . ^ S00n 

»n.l becomes nf , trifljtynilnr or b™!, ,W*?£ 
of the leaf die nnd Che mine shone s$ a Beeiil-^o,,, ! Grnu hirers 
or reddish tann, epoc on ,1„ «*, (J 

jolly WBlsed into on .ogle Ijntnenen the miirii. knd tTwoT! 
vein or into tliot hetsiera , vein end ™. „ f i(E ^ "T* 1 * 

rhe mines occur eome»bee» lllcng the median ,s,rl, of ihe ,a 
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When mi infested leaf is held to the light the lx«iy of the caterpillar 
'Till he fftn within thy mine occupying :i clear spin e ut the larger end, 
tin- smaller end being fitted with a dark mass of granular material. 

riince tlit caterpillarwhole business at this stage of its life is to eat, 
it lias uu affairs to take it outside of its abode in the leaf. uniL since 
it never cleans house, it has no need of either doors or windows. It 
feeds along the edge of the ever widening larger end of its one room 
and packs alt undigested refuse into the sum Her end, which accounts 
for that dark granular mass just noted. As the caterpillar grows it 
sheds its skin at least twice, anil the discarded garments Lire thrown 
into the common rubbish heap. 

By the time the larval shield-bearer has sated its appetite it has 
constructed a mine from three-eighths to half mi inch in length with 
a widest diameter of about a quarter of an inch, though different 
mines vary much in ske and many are smaller than this. The eater- 
pillar itself, when full grown, reaches a length of from one-tenth to 
one-eighth of an inch. Its body is flattened, wide in front, tapering 
toward the rear (pi. 1, / ) T an d consists of I't segments, with a small 
bead, usually more or less retracted into the large first one. The color 
I' blackish above and below, pale yellowish or orange along the sides. 
I he skin i?, roughened all over with microscopic rugosities, round or 
oial in shape, but is nuked except for a few minute lunrs scattered 
over its surface and a group of larger ones an the aide of each seg¬ 
ment, J he creature has no legs, but on the buck and venter of seg¬ 
ments 2* 3, and 11 am pairs of colorless oval spots situated on soft 
elevations, while on segments 6 to 9 there are similar transversely 
elongate areas on the ventral surfaces only. The skin on all these 
areas ls thin and flexibly though covered with small oval tiijckew- 
ing*, and is capable of being puffed out and retracted in such n man¬ 
ner as to suggest that these points act as adhesive disks, enabling the 
caterpillar to retain its position between the two walls of its mine. 

I hose on the lower side of the body are used also as organs of pro¬ 
gression, for as we have seen, the caterpillar eventually walla away 
with the part of its mine it usee for a winter case. Thus the worm- 
like creature, though legless, can not only maneuver about in its tint 
duelling, where legs might lw an incumbrance, but. having attained 
any desired position, is probably able to maintain itself there against 
the swaying of the leaf by three pairs of adjustable hydraulic wedges, 
in our imagination such n mode of life in a cell so small that the occu¬ 
pant can but worm about on his stomach seems nothing short of medi¬ 
eval torture; yet, pleasant or not from a human standpoint, there 
is always plenty to eat, and if the supposed unfortunate is liberated 
from his prison he starves to death from helplessness. 

The caterpillar's head is a delicate capsule, conical in outline os 
seen from above or below, but very much flattened. The jaws mv 
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ulwi llul but have no other special diameters, each lieitig triangular 
wilh a pair of teeth at the cutting angles. Tin* outline dmivingy 
m bgnre 2, H show on each the socket, above ami the ktlub below by 
uhidi the jaw is articulated to ihc lieod on a vertical axis, allowing 
it to swing nut ami in but forbidding any grinding motion. The 
jaws are excavating tools rather than organa of mastication. On 
the edge of the lower lip (fig. 2. V) it a large hollow spine (*S>n), 

the spinneret, through which the 
ducts of the silk glands within the 
body open to the exterior. We shall 
we later the use which the cater¬ 
pillar lios for silk. 

1 he majority of the caterpillars 
of the spring generation attain their 
full growth by tjio latter part of 
duly, when they erase feeding, cut 
out their rases from the mines, 
Suing them up on the twigs, change 
to soft, orange-colored gride, then 
to pupae and transform to moths. 
At this season only a hoot two weeks 
ela|)se between the cutting of the 
raffia and the apjKUininct* of the 
moths. It is. however, seldom pos¬ 
sible to set flown uxaet lintes for the 
arts of any Insect because its fl e. 
t(Titles always vary with the season 
ami with the latitude. In the north¬ 
ern parts of a species' range the in¬ 
dividuals have to hurry through 
the summer stages in order not to 
get caught unprepared for winter, 
while in the south they may dally 

- ., . , along to n much, later date. Like. 

WLsr. the rame species may have only one yearly generation in tl L 
extreme northern parts of its territory and 4 through w. n t ■ 
southern parts. Hence it is only a matter of lomf interert i n bo 

?. V , T "• r"' “ T'’"*' «»ri»S«.» vonr nr 

Six, though the determination of this us well as the airnrovimni V 

nften k«« , M« nf moth tap*** hr J, n,^* *^ 

control measures in the case of injurious spades pl on tn 

The resplendent shield-bearer in southern New Fnrfaod • 

x™ York tlimogh two (ptiomii™, „ dl SE1M „ * T| £ “ 

brood of ™U, S oppoorinj. dono* Aojort, w “““ 

the second or late summer brood of caterpillar, and th^* 
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the fall perforation of the leaves we first noticed. In order, there¬ 
fore, to make a dingle narrative out of n double story, let he resume 
nur history with those caterpillars that mature in the autumn. 
Some of these cease feeding during the latter part of September 
while others keep on till the last week of October. But. at wime time 
during this period, there romes a prompting to the caterpillar to do 
an act it has never done before, an act which it has even carefully 
avoided doing up till now. This is to bite a hole through the wail 
nf its mine. Tile hole is not a careless puncture but is made de¬ 
liberately and so placed, in the large end of the mine, that a cres¬ 
centic line, drawn through it would leavo plenty of space for a 
similar reversed crescent on the same surface witli the concave 
edges toward each other. The caterpillar nest proceeds to lengthen 
the hole into u slit, following this imaginary crescentic line, and 
then cuts a corresponding slit in the opposite wall, after which 
it corries the two along together till there is formed perhaps an 
almost semicircular incision through both surfaces nf the leaf. The 
caterpillar all the while works from the concave side of the cut 
and. in order to hold the two resulting flaps in place, sews their 
lips together as the work progresses, with threads of silk spun from 
the spinneret. 

A caterpillar at work on on incision like this was watched till the 
job was finished in order to get a complete report on the procedure. 
Having finished the crescent, the worker continued the cutting from 
one end of it toward the other in a corresponding reversed crescent, 
heredf between them, till she had thus all but severed two small, oval 
disks which finally remained attached to the rest of the leaf by only 
w slender tongue from tile lower one. Two hours and fifteen minutes 
had elapsed since the start, but as the cutting progressed the cater¬ 
pillar frequently interrupted it to stitch the severed edges together, 
so that, at this stage die was inclosed in a little case made of the two 
leaf disks fastened together along the sides but open at each end. 

W ith the ease thus all hut free from the leaf, the caterpillar turned 
about and occupied herself with further sewing within. But after 
a few minutes she came back and gnawed very carefully at the con¬ 
necting strap, reducing it to such n narrow width that it looked as 
If the Jittlo piece must certainly drop out. But it did not, and the 
caterpillar returned to her sewing. Presently, however, she reverted 
to liit* attachment and this time reduced it to the merest shred. Yet 
the ease did not even sag. The caterpillar again went aliout her spin¬ 
ning with no outward mark of excitement or of apprehension, though 
her habitation hung by a thread. At length she came once more to 
the edge, fdt slowly along the tower lip till the connecting strand 
was located, and with a clip or two of her jaws severed it. Nothing 
happened; the shell remained in place, hold In its frame by the tangled 
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hitirs on ths lower side of the leaf. Had the leaf l*ecn inverted the 
house might lutve fallen, though ns a [litcnution ngnin?t such an 
emergency the caterpillar had already sewed the lower flap of the door 
to the edge of the leaf. To test the efficiency of this anchorage I 
gently poked the case out of the hole in the leaf. It dangled safely 
in mid air t demonstrating that just this contingency had been pro* 
eided against, except that ordinarily the wind would be the cause of 
it and not Eome meddling entomologist 

Another hour had gone by. During the next hour and a half the 
caterpillar occupied herself with the weaving of a thin silk lining over 
the inner walls of her fixture dwelling, I now put the* hanging strue- 
tiire buck into its frame and set the twig hearing the leaf More an 
electric light, thinking that the coolness of the evening might interfere 
with the workers activity. In immediate response she poked her 
head and thorax out of the door at the anchored end, grasped the 
lower surface of the leaf with her ventral thoracic foot puds anil drew 
the case out of its hole, letting it hang as before. But now the time to 
l* olf had arrived. The tether was cut by a bite with the mandibles, 
and with her fore parts protruded the caterpillar dragged her house a 
short distance from the hole, when suddenly down went both house 
and occupant—hut at the end of a thread run out from the spinneret. 
The drop had been planned deliberately and a new thread attached 
to the leaf More the caterpillar relaxed her hold upon it. This W 
pened at just 8 o’clock. Before the case landed on the table it ww 
caught on :i leaf, then removed to a piece of twig and the latter placed 
m a Wide bottle. I l«re the caterpillar traveled uliout with her house 
for about 15 minutes and then rested. It w flS not until after fi o’clock 
the following Afternoon that she finally am* to a permanent andtor- 

*; V* *• ° f U* cork stepper to the bottle. 

I hiring the first part or October one may sec many of the shield- 

bearer ca^ danglmg from the apple twigs at the ends of bug threads 
fpl 1, O, d) t Ringing about in all directions or blown out like kites 
m the wind. Since walking is a very slow means of progression ter 
creatures without legs who must, moreover, earn’ their houses on 

! V: tr “ 1 **• travel is the more popular style. 

B heu the ^ happens to tend on a twig, k is dm secnml thereby 
a thread and then banted od to some suitable place where it is made 
fast ter tl-wmter Most of the reterpillare observed did not go far 
on foot Their gait is alow, awkward, and laborious. With the bead 
and thnrex o.il of the case door (pi, 1, />, the support is hy 

the lower thoracic pads a few strands of silk attend to thTbark 
by dabbing the point of the spinneret against it several time' ten 
y eomrac mgthe rear par. of the body the care is pulled up „ Z 
head and the -ndutfi'B threads are stuck to the lower (ten of t te 
door. Again the traveler reaches out, dabs on «*» m0 re rill 
the case up as before, and secures it in the new position SinJTl 
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never saw one out the anchorage 1 before |tolling up, it may be that 
the e&terpittnr uses enough force to break the old threads each time. 
As tin? process is repeated over and over, the little bag flops this way 
and that in its progress, now stands vertical, now topples over or 
hangs from the side of the twig, wavers, and goes forward again by 
a short jerk. 

At last a plate is found that appears to fill requirements for a 
hibernation site, and the case is there firmly anchored to the twig by 
a fan-shaped hunch of threads glued to the threshold (/}- During 
the journey both ends of the case are wide open, hut when finally 
attached the front door is closed by n wall of silk spun within the 
vestibule. Later the back door is usually dosed also, but by only h 
very thin web. The occupant, now reversed, rests in this position 
after it m work and travel. The cater¬ 
pillar observed through this period re¬ 
mained thus until the 23d of October, 
when it shed its summer working 
clothes snd appeared in its soft orange- 
colored suk for winter. Having ait its 
case on the 15th and attached it to the 
cork in the bottle the following day, 
a week had elapsed before the molting. 

Others worked mere rapidly than this 
one, and many t ied up to a twig only a 
short distance from the deserted leal 
Examination of cases out of doors showed, however t that it is normal 
for the caterpillars to molt n short time after the case is attached for 
the winter* 

In its winter condition the caterpillar looks much more delicate 
than in its summer form, being, ns already stated, a soft, pale-orange 
creature about one twelfth of an inch in length, or one-sixth to one- 
third shorter than m the mature feeding Binge* {Pi. !, A",} It is 
cylindrical in shape, eonristing of a small head snd 13 body seg¬ 
ments, and lacks both legs and slicker pads, though there is a dark, 
horny ridge across the under side of tip- first segment which in some 
way may assist, it to hold itself steady in the case, 'Hie skin h finely 
granular all over and apparently naked, except for a few hairs on tho 
head and last body segment, though other very minute hairs are 
present m in the preceding stage* The head is wider in proportion 
to its length than in the feeding form, the upper lip is Je^s deeply 
notched {fig, 3. A) r anti the jaws (/?) ure relatively smaller. The 
spinneret (fig- £ T C\ 5pm), however, is still well developed and h soon 
put to work The caterpillars in the summer cocoons change also to 
the onmge-colored form, but remain in this stage only a few days 
before transforming to the pupa. 
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After the tuolt the (li&carded skin is shoved off to one si Jo of the 
room and the caterpillar proceeds lo i tit prove its inherited domicile 
by putting in a new silk lining. This, when link lied t makes a dosed 
inner chamber which fits tlw caterpillars present size much more 
snugly than did the dimensions of the original case. Beneath the 
enves of the latter there is now an empty closetlike space on each side, 
in one of which arc stored the old summer clothes. 

Out in the orchard in late fall and all through the winter the tiny 
yellowish cases may be found stuck about most anywhere on the twigs 
and branches of the trees or even down against the trunks and oil the 
buses of the larger limits. Most lie flat against the bark, some arc 
pendent, a few stand <m edge, and an occasional otic sticks straight up, 
< in windy days they flap from side to side, whirl about on the pivot 
of their anchorage, or arc set into a rapid and continuous vibration. 
By spring the occupant has Iwcn put through a test of equilibrium 
such ns few aspirants for aviation could endure, but its functions 
have been in no way upset. 

T hi" casts vary somewhat, both in size and si tape, some Wing much 
broader than others in proportion to their length. The larger ones 
measure about 4 by iii millimeters, the smaller :t by 1% the varia¬ 
tion in width being greater than that of the length. The side formed 
from the under surface of the leaf, which usually retains some of the 
original loaf ha ins, is flat ur a little concave, while the other bulges 
out, especially along llie middle. This difference of the two sides an 
pears to be due to unequal shrinkage of the two leaf layers, since Loth 
were of the same size when newly cut out. 

If nothing happens to interfere with the course of its normal life 
the hibernating caterpillar will survive in a* ntK0 a j| vicissitude* of 



Then its skin breaks at the head end and the moth em 
the empty pupal shell sticking in the vestibule of the 


*>ody in the air. 

emerges, leaving 


case (d). 


now deserted 
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the cases, exposing themselves only during the brief journey from 
the mine to winter quarters, hut a small percentage of the autumn 
brood f)f <a ter pillars escapes destruction at the mouths of enemies. 
Most of the ruses examined in the spring are found to contain nor the 
original occupant, but either the grub or the pupa of another insect, 
u usurper, a parasite that by some menus gained entrance to the house, 
destroyed the rightful owner, and without any skill or work of its 
own. enjoys the protection that the shield-hearer worked so hard to 
insure for itself during the period of its helplessness. It was not by 
any negligence on the part of the shield -bearer caterpillar that the 
parasitic grub invaded its home, nor was it through any eleventess 
of the changeling. It was the mother of the intruder that got it into 
its present comfortable quarters, for the grubs are the young of n 
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ba^V B, ihL- fidnit paru3Li? T 

minute, w&spltka insect which, with w neeflMiko ovipositor, is able 
to pierce the mine and insert an egg probably into the body of the 
caterpillar itself. 

The history of this particular parasite of the shield-bearer is per- 
hulls not known. bul T with others related to it. the egg batches 
within the body of the caterpillar, where the young grub feeds on 
the caterpillar s blood, but does not destroy its life till the caterpillar 
has spun its cocoon. Then when the grub is full grown it comes out 
of the body of its long-suffering host, leering the latter we.ak and 
emaciated, to die of exhaustion, while it changes to a pupa and 
finally to the adult of its own species. The writer has seen this shiefd- 
boaror parasite* or another very similar to it, piecing the mines of the 
trumpet-miner of the apple. The dead shield-bearer caterpillar 
found in the parasitized cases by spring is usually reduced either to 
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eil blirkencd mummy (fig. 4, -1. ft) or to a mere dry flake (/?). but 
it is always the remains of the summer larva (pi. L F) n indicating 
that the caterpillar probably carried the parasitic grub from the 
mine in its own body, but that, once the case was secured for the 
winter, its further development was uxbibiteiL The pi flattie grub 
transforms in early spring within the case, alongside the remains of 
its victim, to a flit, shiny-black pupa (fig. 4* D r f?}, and this to tlie 
adult (£*)* which emerges by gnawing a hole through the side of the 
ease. 

The adult parasite is about one-twelfth of an inch in length, of a 
brilliant blue-black color, showing green or bronze reflections accord¬ 
ing to the angle of the light. On tlie middle of the back there is a 
bright yellow spot, find there art- gene rally yellow epaulets it the 
bases of the wings. The eyes are bordered above with yd low and 



transparent and without markings, but are iridescent with emerald, 
violi-t. and purple. 'Hie legs nre pale yellow, with darker feet and 
usually brown him! femora. The name of this species is ( 'irroipiiws 
favicinctus.' It belong- to the family Chalcidirlno of the order 
Hymenoptera, 

The summer rases were found infested by another pumaite. 
fflvthxwieru* trirfnetus, 1 the pupa of which is black and fattened 
like that of the other. The adult is even smaller. Tfs lxwly i? of n 
shining blackish-blue color, turning to green tin.! gold where the 
light strikes it sdxmg&t. But the front wings give the distinguish¬ 
ing character t» tills species, since they are crossed liv thm* diWim-f 
curved, blackish-brown bands. ‘ * 

The resplendent shield-bearer is but one „f a of mothg 

whose caterpillars feed by making mines in the apple leuvts \ n . 
other common one is the trumpet miner, so called bccunw the shape 
of its mine suggests that of a flaring horn. (Fig. 5, jf.) This S pe- 
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cies carries the mining instinct further than does the shicld-bcnrer. 
for it not only spends till of its caterpillar life in the mine, passing 
the winter thus m the dead but it pupates in the mine, coming 
out only us the adult moth. Thu trumpet miner, furthermore^ takes 
more pride in tbfi character of its mine than do nio-L other leuf 
miners, the wuILh being lined with smooth white dlk nnd nil refuse 
discharged through trapdoors in the floor, thut, the interior is 
kept freidi and rlenn. Still another aperies* the setpentinc miner 
(fig, 5 1 .1), is, ns the shield-hearer, n miner only during its larval 
life. But when ii leaven the mine it comes out naked and crawls off 
to a twig, where it ypine a cocoon of £*lk for its pupal period, un¬ 
does any ordinary caterpillar, A fourth species, the rihlHsJ-LuscofiiL- 
nirsker, is ]es* of n miner than any of these, since it tunnels into the 
leaf during only the first stage of its caterpillar life, after which it 



pic. —Tit* flgftr r»^ L Bfiirirj. A, ifer winter use - R, C, the rdtcrfifllar In Ua pprlng 
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l&Uil of dMM’J q dc-Ht'ftcO fi'ZillLii mtllfl. 

feeds openly on the surfaces of the leaves, finally spinning a re¬ 
markable fluted cocoon in which to pupate. 

On the other hand, there are species that specialise as ense makors. 
neglecting the art of mining or discarding it entirely. Two well 
known examples ure the cigar case-bearer ami the pistol ease bearer, 
'I’he former mines into the leaf when very young to cut out n case 
which it thereafter wears as a suit of amor, traveling about in it 
ami feeding from its lower end. During winter it hibernates in this 
case (fig, 6,yi) after firmly attaching it to the fcmrk. In spring the 
caterpillar Income- active again, adding frills of leaf cuttings to the 
lower end of its ease ns it grows (/?. ( ), hut soon is forced to rut 
out a new one to accommodate its increased rfiae. This second ruse 
(/>, o) is lung and tig*r-shaped, whence the wearer gets its inline. 
The caterpillar feeds by burrowing into the leaf only as fur xs it 
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can reach from the lower end of its cose* the Salter being ?cwcit to 
the loaf surfnf t [P, a)> After each men! the caterpillar detuche 
its and moves off to ::* not her place, The vigil r case-bcarer thus 
makes nvdny sninll mines (/>, ft) t but its mining habit is Duly inci¬ 
dental to its feeding; It derives its protection from Sts nuses. which 
it wears thttuighnut its larval life, finally using the second ns & re- 
treat during it# rhmuIJs stage. The ptMol cm^ ^arer ivnutiiice?. 
mining altogether, making its eau^s of silk* and enlarging it as it 
grows* In feeding it makes irregular holes dear through the 
leaf or cats their tissue down to the larger veins and the mid rib 
after the manner of common leaf-feeding caterpillars. TheFe spe¬ 
cies of minute moths and several others that frequent the orchard 
are thus noted for the great variety of ^kill they possess in their 
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caterpillar stage? ns miner- t.r as easts makers, But one of them is 
famous as a cocoon builder. This is Buaaiiatrk: pormfoIteSa^ or 
THE EIBBEtMXKXtOK-.MAKHH OF THE API1J1 

As with the resplendent shidd-bearer, autumn is the time when one 
is most likely to make Rm acquaintance with Bucculatm in the 
orchards. A search at this season along the under sides of the twigs 
ami branches r>f the apple trees is pretty likely lo reveal little, whit¬ 
ish, spindle-shaped objects, about a third of atj inch in length, stuck 
lengthwise against the bark. (Fig. 7. and pi. fl. .1} a closer in¬ 
spection (fig. S) shows that each is fluted with n nnutar of ridges 
that disappear at the tapering ends; which character identifies them 
an the cocoons of the Humiktm caterpillar. Ordinarily they are 
scattered along here and there, but, when the caterpillars' hare been 
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specially abundant during the sumnler s the cocoons often lie close 
together or may be even massed against one Another. When newly 
made each cocoon is hedged about by a bristling palisade of silken 
spikes* 25 or 30 of them, standing erect in an oval about its long &xis 
(pi. //). But these delicate threads are soon broken off or beaten 
down by the wind and min till, little evidence of them remains. 

If we would interview the occupant of one of these fluted wigwams 
we must break in by force, for there is neither door nor other en¬ 
trance: and. once in. we arc likely to find that the owner h asleep, 
already in the chrysalis or pupa stage, and therefore in no condition 
to give tin much information. However, though we can learn little at 
this season of the creature that made the house, tin* structure of the 
dwelling itself is well worth a study. Its form (fig. 8) is not en- 
f irely symmetrical, opo end being slightly thicker than the other and 
tapering more abruptly, unless the other happens in abut against 
SHiriG projection of tike burk. ns it frequently does, when it may ho cut 
off square. There are usually seven of the lengthwise riba, one median 
and three on each side, though the uppermost pair, those nearest the 
foil n d u t i on. are 
sometimes locking. 

The tapering iwh 
are mode of thin¬ 
ner material than FJS - s_—cmm at nutmiatru mmitotkitv* Uw mbiwd-coeaoo- 

, . ,/ Mafcfr of ihr aimlB tc®!urgci!| 

the middle port, 

and, in the larger end. the edges of several sloping, crosswise parti¬ 
tions are faintly visible, There are usually three of these but the 
number varies from one to four. 

The walls of the cocoon consist of two layers (pi. 3, F and fi) % a 
thick outer sheathing (.’> m which lengthwise thickenings form the 
ribs, mid a smooth inside lining {tf) which has a different texture and 
is of a pale yellowish tint. The outer sheath is securely attached to 
the support all around the ba?o line, w hile the inner layer forms a 
complete capsule within the shelter of the other. The interior is di¬ 
vided into a main chamber (c) and several antecltiunl^ra by the cross¬ 
wise partitions ( f ) above noted, The main com^rlment (c) is a 
snug little room, well lined Vfjth silk, about two-thirds the total 
length of the outer cocoon. It is occupied by the pupa {</) which 
lies on its stomach with its head just behind the rearmost of the 
front partitions. Tucked away in a wad at the rear end of the chain* 
ber is the cast-tiff skin of the caterpillar that built the cocoon and 
Inclosed itself id the pupal compartment, then shedding its working 
clothes and assuming the pupal form for the long winter nest. 

The Bucculatrix pupa is a compact, cylindrical chrysalis, about 
one-eighth of an inch in length, of a dark reddish or purplish-brown 
42S03 b -£3-33 
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I'olttr (pi. B). Its thick skin forms a ri prill shell except at the articu¬ 
lation lietweeu the seventh and eighth segments of the abdomen, where 
the flexible membrane of this joint permits a free rolling motion to 
the terminal segments, the ninth of which is provided with a strong 
spine on each side. The head terminates in u sharp, beak-like point 
directed downward (ph 3, F). In the spring when the moth is ready 
to emerge from the pupa, the pupa forces itself through the front 
end of the cocoon, when the moth makes its escape by breaking 
through the head end of the pupal skin, leaving the latter projecting 
from the rent in the cocoon (pi, 2, ('). 

\\\ may get an idea of how the pupa makes its exit if we cut a 
small hole in the rear end of its chamber and push the hard-shelled 
creature gently forward with some blunt-pointed instrument As 
the head is forced under the sloping partition in front of it, the l*mk 
penetrates the floor and the pupa gently dips out of the widening rup¬ 
ture. (Pig, 9.) .V further examination of the partitions shows that, 
though each cons ism of a tough disk of felted silk, they tiro very inse¬ 
curely attached to the chnmlter walls except at their bases, the lower 

edges being but 
loosely stitched or 
scarcely attached at 
all. They thus sug¬ 
gest vah es or trap- 

HP HjP doors rather than 

true partition walls, and the above experiment has given us an indi¬ 
cation of their function. 



F,,i - a.—DlRKi-qui UUwtxJlfac haw the pq[u «r BacculiOrix 
emerges fr™ Im «CHH. (Comimrr wftli V on j,|«e 3,) 


11.0 living pupa has its own propeller at the rear end of As bodv 
consisting of the mottle terminal segments and the lateral spines on 
the ninth. can imagine Unit by a semi rotary motion of the-ic 
parts the pupa pdfas; itself forward, the spines enabling it to obtain 
a hold on the silk walls of its chamber. As Its head comes beneath 
the sloping surface of the nearest vidve^Iiku partition (pi 3 p f) th^ 
latter gives somewhat, but, as this one crowds against thc^ in from 
it exerts tin increasing downward pressure on the pup ah head which 
fore& the beak of die latter through the floor of the cocoon The pus* 
continuing to press Ward a 5 the rent enlarges, eventually forced 
hull or two-thirds 01 its body through the opening. (Fif 9 ) Thu de 
sired position hang thus obtained, the spines of the quieted propeller 
probably now serve to anchor the rear end of the body in the roemm 
The moth of Buccutatrix {pi. 2, It) »Inrger than the shidd-bearar 
moth being about oumMIi of an Hmh in length |„ the tip, of the 
folded wingF. The general color .a yellowish, mottled with brown, 
black, iind white The crown of the head is covered with long plumes 
combed forward over the brow ju hangs wliicl. aWl eoiTcrol the 
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face. Two little, black, fcullierlibe tufts project from the shoulders, 
ami on the middle of the hack of the closed wings is a large black 
■spot. 

Tlie first part of May is the usual Lime of emergence in southern 
Xew England and in New York State, with the date ear lies' farther 
^outii. The female moths lay their eggs on the leaves, usually on the 
under surfaces (pi. 2 S E) but sometimes on the upper. Each egg (F) 
ia a tiny, flattened, elliptical object of a pale greenish tint closely re¬ 
sembling that of the under side of the apple leaf, where it is gener¬ 
ally placed dose to a midrib or one of the larger veins, well concealed 
amongst Use tangled leaf hairs. The wriler made no record of the incu¬ 
bation period, but others have stated that the eggs hatch in from 
6 to 10 days. The young caterpillars are born with the instinct nf 
miners and burrow directly through the bottoms of their eggs into 
the tissue of the leaf. Here each eat? out a mine ns does the young 
shield-bearer, only the mine of the 
young Bucciilatrix b a winding 
tubular gallery (pi. 2, f? t c) grad¬ 
ually enlarging as it lengthens. 

1 he mines might be mistaken for 
those of the serpentine leaf miner 
(fig, 5, JL) f except that they never 
reach the length that these mines 
do, and they can usually be identi¬ 
fied by a darky purplish ml dis¬ 
coloration nf the leaf immediately 
about them. The young caterpil¬ 
lars feed in the leaf only about 
eight days, when the mines attain a length of one-half or three- 
fourths of an mch. Then the caterpillars leave the mines through a 
sin cut at the larger end, usunlly on the upper side of the leaf, but 
occasionally below. 



r Av 

Flu, tO,—A F^ccQlBlfU ^atiTpillur enter¬ 
ing Lm iDoStLiff cflMQ on tbv 
of n Ictf. 


iVhen the young Buccnlatrix caterpillar leaves its mine it is ready 
to molt, but it still feds the need of protection and proceeds At once 
to build a special molting tent on the surface of lhe leal It is not 
evident why it does not do the easy thing and shed its akin in the 
mine before emerging, but Buceulattis is an individualist and in¬ 
sists on its own way at any cost. Selecting a small depression any¬ 
where on lhe leaf, a favorite spot being at the very tip where the 
edges curl up slightly, it lays down a thin carpet of silk against, tho 
surface iiul then weaves over this a flat canopy sewed fast all around 
the edges but with n round hole ju the center. The caterpillar now 
era wb into the tent through the hole in the top (fig. If}) and dosed it 
with a webbing of silk spun from the inside, often laying on so 
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mueh silk here that the central part finally shows as an opaque 
disk. The shelter completed, the caterpillar coils tip within and 
waits for the moiling process to proceed. 

To the naked eye the molting cocoons form liny glistening spots 
on the leaves (pL if, <7, d), usually near the margin or at the tip, the 
largest scarcely the twelfth of an inch (2 mm.) in diameter. After 
two or three days the molting is completed and the caterpillar 
emerges through a slit cut in erne side of the roof, leaving the old skin 
and the head capsule behind on the floor. 

From now on the Bucctilntrix cuter pillar Is a free creature, feed¬ 
ing in the open on the upper surfaces of the leaves where it cals out 
Httle patches of the epidermis, giving the leaf a spotted appearance 
(pi. 2 t H). But after several days of undisturbed feeding it must 
shed in skin Again and for this purpose builds a second inciting 
coc<>on. These cocoons become abundant on the leaves during mid¬ 
summer. They are larger than those of the first molt, the largest 
licing twice their width, about one-sixth of an inch (4 mm.) in 
diameter. They may be spun over any little depression of the leaf, 
of them on the upper surface but some on the lower, though, as 
before, the apex of the leaf where the usual twist make,- a small 
hollow, is a favorite site. The caterpillar weaves the whole struc¬ 
ture, enters it and doses the dour in about an hour’s time. 

After Lhe second molt the caterpillar appears in the last stage of 
it? larval growth and spends another period of feeding on the leaves 
(pi, J. tr), many of which nn infested trees now become spotted 
all ariKind their edges with little red-brown areas where the upper 
epidermis has Iwen eaten ,.11 and the exposed lower dd n \ lAs 
In the network of its reinlets a leaf presents to the caterpillar hun¬ 
dreds nf liule pans of food, all of which should he or equal ,, T1 ditv 
but the Bucculitrix caterpillar, after having emptied n few pans 
at one place, moves oyer to a iieighlmring spot and there cleans out 
a few more. J' llbor lts iippeljt* is quickly sated for the. moment nr 
it always thinks perhaps the fare is fresher farther on. for it kct-iw 
up this wandering style of feeding, leaving small groups of empty 
dishw all over the leaf. After while it seeks a new leaf ■ usuallV 
dropping down to one below from the end of a thread, Thus each 
caterpillar damages a single leaf over a wide area and injures many 
more eare, than necessary for its support. It is not good form 
with Burtmlntrtx to eat he bottom out of ife dish, though sometime 
a careless caterpillar makes nn accidental puncture with the points of 
!ts jaws, but the exposed lower epidermis often trucks us it dr™ nr i 

t?*?* 1 "* ! ^'y Cl K' 

and curl up. Thus, while Bucculutnx usually nnlv *i 

leaves, it may. when exceptionally abundant. do series dam^o ^ 
orchard by its widespread feeding on th c foliage. n 
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When the caterpillar is full grown in this, its third and lust stage 
(p|, 2, J), it reaches ft length of T millimeters, almost a third of an 
inch. The body is thickest behind Llm middle, the skin is naked ex¬ 
cept for small hairs distributed over its surface as shown hy figure 1L 
The head tmd prothorade shield are brown, the latter with a number 
of small, dark spots (pi. 2./), the body olive or brownish green with a 
whit ish bund along each side and around the front edge of the pro- 
thoracis? shield. The heirs of die body arise mostly from whitish 
spots on the tops of small swellings. 

The cater pillars of the spring brood reach maturity from the lat¬ 
ter part of July to the end of August in southern New England and 
then construct the ribbed cocoons in which ihoy pupate. Slinger- 
land and Fletcher state that m southern New York these cocoons are 
spun during the first half of July, but at Wallingford, Conueet' -iit, 
the writer first noted fresh cocoons in the orchard on July 19 and 
saw others spun as late as August 28 and 2D. The summer pupal 
cocoons are spun on the leaves and even on the fruit, ps well as on 
the twigs, branches, and trunks, the permanency of the site being 



of little consequence now because at this season the pupal stage is 
completed in less than two weeks. The moths of this generation 
emerge during midsummer and lay eggs for a late summer and fall 
brood of caterpillars. These simply repeat the history of the first 
brood, but they arc generally more numerous, and the damage from 
their feeding becomes particularly noticeable by early fall The 
first, to mature in southern New England spin their cocoons dur¬ 
ing the early part of September while others feed till almost the 
end of October. An the cocooning time for each approaches, tho 
caterpillar becomes restless, leaves its feeding grounds, explores tho 
tree from tho end of a thread, and travels about over the brandies 
till it finds a suitable plnco for its winter quarters. Though the 
trees are still full of leaves and fruit, instinct this time tells the 
caterpillars that safety for tho winter is to be found only on tho 
more permanent parts of tho tree. Consequently almost all tho 
cocoons spun at this season are on the twigs, branches, or trente, 
though on occasional careless or misguided individual builds its 
house on a leaf. The structure of the cocoon is the same whether 
built for the brief summer occupancy or for the long period of 
hiiwrnatioti between October and May. 


502 


AXICUAL REPORT SSITTitSOKlAX 1XST1TUTIOX, ]!£l>. 


Wlien the wandering caterpillar finally chooses & pl ac * f„r her 
cocoon die proceeds first to weave against the hark a chin oval mtU 
of silk, about as long as her own body when fully stretched out. She 

thus puts down her carpet first and afterwards builds her house 
over it. 

A catorpiUar's silk fe formed in a pair of long, tubular glands 
Within the body which open by a single duct through a hollow spine 
on Lite tip of the under lip. This spine is the Sminripml- *> 




almost immediately to n solid substance. To spin this liquid silk 

into u thread the caterpillar touches . 
the point of the spinneret to the de- 
Fimi support and draws back its 
head. The viscid raw silk, adhering 
to the point touched, pulls out of 
the spinneret as a delicate filament 
which at once sets into a tough, flex* 
ible, inelastic thread. 

Most silk struct ores made by cat¬ 
erpillars are woven from a continu¬ 
ous thread laid on in a multitude of 
irregular figure-S loops as the 
worker rvthmically swings her head 
from side to side with a forward 
and backward twist at each turn. 

Pro, u.-Wh cr U» Banu- J hc thus weaves towartl 

litrti tftfiqxplHAE, tijjprr lip or tab- ml the while rQtrt^itin^ 

~ ■? aKsri*?, t «i«. oi 

**»■ r, r MusaistM; v. psrt di i UK ,.r !lcr taunc. In this way Buccujatrix 

"111* tit brill <rlth UBiIrr lip tjf- IqblltW lit VS ijinVIl hiT f-.T-rw.* "l ' ■ 

11,61 urn "rpitmiTri m „u,„ * , , r enrpet, beginning nt 

(jfiri. aatouar u«fi. na,! i r „ and working toward the 

““ -to* - br - a.« SftfiMSrltiS 

where the weaving was be£m_ In this wav the i-,tend] hr I T 
rari>et to her own length, and all her subsequent work ie b t Jd 1 ■ C 
one measurement. 9 &ased on tlllH 

After the carpet is finished, the next thing j n ot(3er 5n ti 
struct ion of the stockade. This, when coniplLd anlinariJ^fo"”* 

* ‘ tpL 3. B) I but some Ocpllhm L « , Z 

•opoyop so one often am steekndes „f ron* irtepnlnr *,*82 
caterpillar, whoso procedure the writer follow^ fr.m. I ^ - 
end. eventually pla«d her pietals h , ,,„*£* Z^TZ"^' 
cuUy in mat,,,,, a proper at. 1. She first 'J * ^ 
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iirc near one end of the carpet, working from left to right (fig. til, 
/-ff). Thou she turned about and located the seventh (7) at the 
opposite end, half again her own length from the arc of the first 
six. This she followed with, six others placed in u regular curve 
to the right, ending with the thirteenth {/£), Again changing po¬ 
sition she erected the fourteenth {/*) to the left of the seventh and 
proceeded to the left till the nineteenth {10) was in place. Sow 
she went back and ins ported the first six. Evidently deciding that 
these were too far away, .die erected palisade SO nearer the carpet 
at this same eml, and then filled the gap between SO and 10 with six 
pickets. The last three of these wen* a little crowded and SO was 
out of line. Finally, 27 ami 3$ were placed with good spacing be¬ 
tween SO and IS, when the stockade was completed. Eighteen min¬ 
utes bad elapsed since the start, during which time the caterpillar 
set up 2$ palisades, 

and 6 of these were . , u a 

au{>ertluous. , 

A com pleted pal- - tr • 1 

isade looks like a 
tapering thread of 
Bilk standing up¬ 
right on a spreading 
base, niid, lie fore 
seeing one made, it 
is rather puzzling 
to imagine how the 
caterpillar can spin 
such a filament. 

The palisade, how- 



• 6 


FIG, lSl.—n-Suiftnm uf jrtflH CbQawed tij- n EdCcalatfbc ffiiE^T- 
ptllttf ia taiamu^ms Iti M&rkm. At. Bomber* Imitate 

iIh? OFiJf’r Jb mhl:h the palludrti Wm n?t up. 


is inti imiile of jl single thread nor of a strand of threads, but 
of many short loops drawn up one ov er the other till finally a long 
apical loop is whipped out, when the caterpillar works'rapidly 
down again, but only to bind the fiLere together here and there, 
The whole is completed in Sill seconds. VHii le working the cater¬ 
pillar rears up on he: abdominal legs (pi. 3, ( ) hut uses onlv 
the first pair of thoracic? legs to sup|x>rt herself against the pali¬ 
sade. M hen the last picket was in place the caterpillar under 
observation made no further inspection of her fence, appearing 
to know by instinct that the job was done, or should be. In fart, 
from now on she ignored the stockade. 


Having gone through with the preliminary formality of fencing 
herself in, the caterpillar stretched herself out on her carpet and 
indulged in a short rest. After seven minutes repose sho became 
active again, turned to the end of the carpet first made, and there 
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spun d small mass of silk, la u few secomls this miisa took on Lite 
form of Lite tapering cud of the cocoon, with live rklgee showing 
s;lmost from the start. As the structure increased in length the 
caterpillar backed away from it, the rear end of her Iwdy going 
farther anti farther off the other end of the carpet. When the 
cone had widened to the full width of the cocoon an extra pair of 
ridges was added, one on each side next the base, so that from now 
on the walls had the regular seven-nblued construction. Tim work 
progressed very rapidly, the weaver !*;iilg in no way hindered by 
the fact that never before in her own life had she ever attempted 
such EL task She needed no apprenticeship: right from the start 
she know her trade like an expert workman. Swinging her head 
regularly from #.idc to side, with mi abrupt jerk toward herself where 
each rib should be, the perfect structure u <! vaiiced before her. There 
was no suggestion of cumbrous human methods of putting up n 



w!*tf atL*Dil* i* Ibrald lo-rn UwrwiiLf him’ a »cfO# tl f Lonj* t„ tj,.. rlulit (6) awl n 

Mould wt tu ttw V« «■) !te tb- mum tuakti buili nrtwol* m.] rfto. 

skeleton of rafters Gist and then laying on the sheathing. The 
whole went up together, the seven ridges not only keeping p ac e with 
the intervening network, bin extending a little in advance all the 

while. 

The work was fascinating to watch and at first it is rather mysti¬ 
fy ing to see such u complicates] edifice grow at such a rate, hid by 
close observation the human eye can grasp the line technique of the 
rater pillar, and figure U wilt give the reader an idea both of the 
racoon structure and how it U made. A part of the network and its 
seven ribs is shown at A ; the met hod of the weaving is more clearly 
seen at H where only two consecutive, crosswise strands are sliowri. 
The thread (#^) starting to the right at u, swings forward in an 
abrupt angle at the point K then goes back ami again swings for¬ 
ward to the right In another corresponding loop, and so on till there 
are seven of these advancing points. Then the thread turns on itself 
at e and conics buck in the opposite direction, looping, us at d to 
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tlie left and a little in advance of each point made in its course to the 
™ht. Reaching the left end it 1 oo[*j on itself once more at e to 
rrnt the course to the tight, and if it were continued in diagram B 
it ribbed notv. - .Hi su ch an that shown nt A would he produced. 1 his. 
then, shows the simple method by which the BucniUtrix caterpillar 
arrives at such astonishing results. The ridges are merely the ag¬ 
gregate of the pointed loops, and Hie network between them results 
from the two sets of threads crossing obliquely in opposin' directions. 
At the ends the caterpillar does not always make the simple loops 
show n in the diagrams, since she interrupts the regular swing now 
and then to run u light foundation a little in advance to which the 
crcK-is strands are attached. The mesh of the network is not per¬ 
fectly regular since all the threads in each set are not entirely parallel 
nor laid on exactly 
the same distance 
apart, yet the 
whole is remark, 
able for its sym¬ 
metry. 

Simple as the 
thing may appear 
when we see bow 
it is done, let any 
one who thinks it 
easy attempt to 
make a rapid, free 
hand sketch o f the 
pattern of the co¬ 
coon fabric. Con 
fusion soon results. 

Even after laying 

off parallel guide aH HP PHI HH 

practice to swing off even a fairly correct diagram with anything 
like the speed of the caterpillar. The caterpillar, moreover, not only 
works without guide lines but she does not do her work on paper— 
she must bring up each sharp angle of the rib loops to just the right 
point in empty space. The caterpillar is shown at work in figure d 
on plate 3, but it must he remembered that in nature the cocoon is 
nearly always built against the under surface of the support, and 
hence hua more of the nature of a hammock than of a house, ^et. if 
the support is inverted while the caterpillar is at wnrk, the changed 
position in no wise interferes with her work, ... 

ft is interesting to note here some structural peculiarities about the 
caterpillar’s feet. The first terminate each in a small, simple claw 
(fig. 15, A ) such as is common to most caterpillars, but the other two 



F;n. IB,—ThQratlf fcBd of tjnenjlptrtx ntrrr^iJLr.. 

A liiniF vLfw of left front fefe **j»**l eta it; tt r 

Ti-ai Ti™ of felt Tnlrtill" ^E. *pU| euK prolactin* 

i tip claw; foot af aldtllp I** nor® i 

tI&w of l«ft Mail elnw and cuff- 

lines with compass ami ruler it lakes much 
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thoracic pairs end with stiff, projecting cuffs which cover the claws 
Iibm-e upd on the skies (//, />). Since the caterpillar uses only 

the front feet for supporting hemlf against her work while spin¬ 
ning, or perhaps for holding tin: fresh thread in place, one might 
suppose that the Cttfls on I he other feet serve us gun rds to \ revent 
tluir daws from becoming entangled in the thread. But the cuffs 
thcttisd.es HIT complicated, each being split into two Jobes, und it 
real I v looks as if they must offer only increased chances for pnssihte 
entanglement. Other caterpillars get (dong without claw guards, 
uml none are so clumsy, anyhow, us to get their feet snarled in their 
knitting. 

lVhen the Buccuhitrix caterpillar has woven ldmut CO citwa strands 
in each direction, or 120 in all. including over 800 rib loops, the 
cocoon has reached about two-thirds of its final length and hns 
crowded the worker mostly off the carpet ft is evident that if site 
keeps oil in this fashion she wilj eventually shut herself out of her 
own bouse. But just at this point it appears ihnt the same idea, 
occurs to the caterpillar, for she stops work and crawls info the 
cocoon till her head touches the inner end. Then she turns 44 buck to 
back and emerges in the opposite direction till she reaches the 
other end of the carpet, which leaves about two-thirds of her body 
uuder cover. In this reversed position she weaves the second end 
of the cocoon in the same way that the first was made, except that 
she now hacks into the port already completed as her work advances 
(pi. 3, E), Thus she is Hi least assured of being inside when the 
tkng is done. But now the question arises of how she will be able 
to bring the opposing edges together when the space between them 
becomes too narrow to emit her head and shoulders. When this 
stage Ls reached, however, and just when the observer is most keen 
to witness some clever trick, the caterpillar calmly withdraws her 
head and deliberately bridges the space with a network of ordinary 
*&>*** loops, continuing till the interval is dosed bv a plain she* 
of talk. A commonplace finish enough, and one that makes a v .-rv 
weak ending to an otherwise highly entertaining show, vrt the sim 
plest thing to be done in the face of an impossibility * The rator 
pillar observed for this description connected the two ends „f Ll 
cuewti very neatly and finished with the ends of the opposing ribs 
,n good alignment. An examination of other cocoon* however 
slitiws thflt the weaver is often somewhat buni?W i ^ 1 

of her work, for .hr lift's of the ri.l™. fr™IX u . *? 

o. .he brkllto. slid sometimes those of one etuf run into •t* ^ 

Of the other. Uso.Hr « slight sue is t« Z 2t 

But the closing of the nbWd cocoon is not the end of the -«», 
pillar’s work. When the bridge is finished she keep* right .>n wtth 
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her spinning, weaving figure-8 loops over and over the entire inner 
surface of the cocoon till the tneshea of the latter are closed and the 
whole becomes opaque, while the worker w ithin gradually disappears 
from view. This task continues for several hours nnil the result is 
the snug inner pupal chamber already described (pi 8, G m c). 
Finally the valves {/) are put into the short section of the cocoon 
and this end becomes the front of the final edifice* I e. T the end from 
which the moth h destined to emerge, Theft 1 Fore, the last act of 
the caterpillar before molting is to arrange herself with her head 
toward the valves, so that when the akin is rust off the pupa may lie 
in position to break through the proper end when the tine for the 
emergence of the moth Arrives 

The caterpillar can not stretch out full length in this pupal com¬ 
partment* because the latter is much shorter than the length of ihc 
outer cocoon* which h* scarcely longer than the length of the fully 
extended caterpillar. But all is wall with the shedding of the skin 
for, by the accompanying change to the pupa* the creature shrinks 
to half its larval length. The moth again (pi. 2, />) is still smaller 
than the pupa and* except for its wings, looks entirely too diminu¬ 
tive to be the parent of such a monster as a full grown caterpillar 
(pi % f). The mature caterpillar, there fora, represents the period 
qf maximum bulk attained by the insect* after which there is a retro¬ 
gression in size. This is accounted for by the fact that the eater- 
pillar is a specialized feeding stage in the Insects life, during which 
it znurnif act lines within its body u sufficiency of food products to 
carry it through the fasting pupal stage and to supply most of its 
wants as a moth, whose special function is that of reproduction. 

There is nothing more delicately beautiful in insect architecture 
than the freshly spun, waxy white* finely ribbed cocoon of Buccii- 
I atm. surrounded by its bristling wall of delicate thread-like pali¬ 
sades (ph 8, If)* But exposure to the weather soon reduces this 
fairy wigwam to a shabby thing of dirty gray, while tho slender 
palisades are so beaten down by wind and min that by spring it 
takes an expert search to locate even traces of them. At best n 
stockade of silken hairs must be hut a flimsy barrier against any 
sort of enemy. And whatever military theory of defeose the cater¬ 
pillar may have held while building it, she evidently attaches little 
of practical importance to it for, even as she erects the slender pick¬ 
ets, she heedlessly brushes down those she has just set up and fre¬ 
quently tramples others in her subsequent maneuvers. To the cater¬ 
pillar, however, instinct says that a sfuckado must be there before 
the cocoon shall be built, and the mandate of instinct is Jaw in the 
insect world 

Many other papers have been published on these interesting little 
pests of apple orchards* chief amongst which are those by J + EL 
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Comstock, Report of United States Entomologist for 1879; A. E, 
Brunn, Second Report, Cornell University Agricultural Experiment 
.Station fur 1S8S-8&; ,J. H. Comstock and M. V. Slingerland, Cornell 
Experiment Station Bulletin 23, 1890; and M. V. Si in garland and 
PUUenji B, Fletcher. Cornell Experiment Station Bulletin 214, 1003. 
Then; papers und others deal also with the destructiveness of the 
instH'is to nppb trees and treat of means for controlling them. The 
resplendent shield-bearer occurs only occnsaonaJty in such numbers 
as to make it a serious pest, and Into sumtrm' sprays with arsenical* 
are usually sufficient to keep the Bneculatrix catoi^illars In control, 
though a inter washes of lime sulphur or uiiscihU* oils are also rrcom- 
mended for killing the hibernating pupa in their cocoons. 


Vlxte 1 . 

nis b resplendent Rtilp ErJ-Lm i^e r ( OQpf&difm spBibdorifertUn \. 

Tliv winter (X?) from which the ninth Iihh otner^ed, len tIbet thv |ieijku1 
ukln mi projecting from Hie door* 

B. Pupa 1X7). 

r, Moth nt rest on tirUr (XT). 

D. Mrtth with wing* b-proni] ( XT), 

K, A\n\W leaves contai n Eng the larval mines. 

r. U^t ml» broken ojwn, aIluwEut ihe dimmer lurtri feeling xvSMifn between 
Ibe two surface layoff of the k*uf 1X7), 

°* Perforated mlcin tb, 6) from which t*m mjmttf&tn ftp** 

viit ih«lr«LSPfl; u. a caterpillar with Set cu^ nut on Hits leaf* th another 
ItfmftHff «t eoil isf n thread. 

JF. fasss isttuehrtl to the tw'ks nt and 

f- CalerjiUhir emwiiiig, eurrylug Its ^ ms Its bwJy f Xf). 

Cn^ itrnig up for the winter (X71, 

A T . The aru| hlberuatlii); mueo i« f the caterpillar i XT)- 

Plate 2. 

TEsi! rlbbed-encuou-rriakor of ihu npfde ( Burf^ntvis ptuoffuffello)* 

A^jili- iwlg* allowing Buernhitrii ^woon* in. Attached to ft 
B. PtiiKii f X 7). 

r - Winter '■■ ■ ■ -i.:i fnon which the moth (in Isjj ■ eiiiorgvd. leaving (hi* punnl 
Kkln (hi projoettuy: from Un* opening i X7k 
/j. Aiolh sit tins: -m a (itiH-i- .if hark i X T J 
K. ois under side of iA[>jj Lo kaf. 

l\ An ves; near ml-lrib on piece of lectf (irrcntly iimgnlflcil). 

■fr. I'pjx-r surface «f lent ahnwJn# nitne-s young emr-rpUhTi (cl and first 
moithij: oiiCiMiAH (d\. 

!/. I .oof khowlccir fiiM'Iln rr tineas of ctilerpllUr* In. suhfj^njMat sui^ f 
1. TIlo iitatuLT iraterpllhu- (XT). 

Tl|+ of u leaf { XE| i Hhuwlnif n i'lltorfiJi111 r feeding at e h ntwi a majikj^ 

t-OtXNrn ai /. 


TWO INSECTS OF TllK fl&GHAfcb—StfOPGEASfi. 


509 


PfcATE 3, 

The rlljlKHl-fHH'ocin-iTfH ker. 

.4, CrterpiUnr weaving the carpet for its cncwn, showing the fipire-S loops 
of the thread (XT}. 

ft. Side view of ihi? Ibs-LLd and prethonu: of n spinning raterpilhir, showing the 
tbrctii! Issuing from the spinneret ia) m the under! ip r"rentI f magnified). 

€. Caterpillar cobStmctihg the pnlli*ndefl that will siirrouiHl the cocoon. 

D* GaterplUar spinning first port of the ribbed cocoon (XT). 

K CaterpElInr finishLn* ihe outer wn.Ua- of the ribbed cocoon. 

t\ Diagrammatic vcrtlctii section of the United cocoon on under side uf 
STipi^n after the caterpillar has changed |r? a pupa: 6, the support ; c, 
outer wall of the cocoon; if. the Inner wall; the pupal chamber; f v 
anterior vnlvellke partitions; & the pnpo: h f the discarded skin of 
caterpillar, 

G. The wt&HiU npemi from above (lettering as on F), 

II, The finished nx-ooti surrounded by its stockade of silk p&LLsndns, 
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Plate I. 



The Resplendent Shield-Bearer. 

CV/jiLKfijr? MjluvSeri/wrtila. 
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The Ribbed Cocoon-maker, 

jtfurnf,'of jft jai im/pjJi rJIn. 
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The Ribbed Cocoon Maker ipueciJUTiTix pojviifqljeluu. 
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the origin op INSECT SOCIETIES." 


Iij r AuOL'STfi La-u ktk^ 

Fn>fer$vr <i t the CmrcrMiy of Bnuaeln, Member of the Itoynl Acvdemy til 

Hcitfimth 


We have given in I he preceding lectures the essential facto relating 
tn insect societies. We have studied successively the termites, the 
wasps, tlie bees, and the nnts; we will now take up the complex prob¬ 
lem of the origin of phenomena which are among the most instructive 
iti the natural history rtf organised beings. 

Prom our knowledge of the genealogy of insects we know that the 
so?:hi[ customs were established independently among the termites, 
which undergo an incomplete metamorphosis, and among the hrmm 
optera, insects with a complete metamorphosis; the wasps. bee®, and 
ants did not descend one from the other, nnd. moreover, many of the 
wasps and bees are solitary in habit, so that association appeared 
independently in these three group also; it is even possible that all 
social wasps did not come from the same solitary ancestor, and it is 
almost certain that the bumblebee the metlpona, and the bees prop! 
crly speaking, are related to different solitary bee*. The social 
phenomenon is then polygenic among the insects, although it is rela¬ 
tively rare if we think of the considerable number of groups which do 
not present it. However, the societies of termites and the various 
societies of hyuienoptera show common characteristics giving them a 
dose resemblance, which leads to the supposition that comparable 
«i^i iinstances were present at their original constitution. 

he dominant feature of these societies is the presence of neuters, 
individuals which, among other peculiarities. present that of having 
if ii ifirula fwgans atrophied onrf of being normally sterile, These 
neuters form an immense majority of the population.'a couple among 
the termites, » single fertilised female among most of the wasps. l*?es 
am! ants being the only fertile individuals of the association! 
f Urongh the existence of the neutcre, the society of insects, considered 
m die ensemble as a ^Paganism, resembles singularly a multi. 
‘Tmaikwd to ■•creation i™ tllE Emo ^ ^ 

an 
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ETlIukr organism. A comparison between these two kinds of associa¬ 
tion suggests itself, and might be fruitful. 

To the fertilized egg from which comes the multicellular rirganisni 
corrosfK>nds the creative couple among the termites, and die female, 
who contains the mule in the form of spermatozoa filling her seminal 
receptacle, among the social hyiucnoptere. Just as the fertilized egg 
produces mortal somatocytes and virtually immortal gonocytes, so are 
Lorn in the insect societies neuters whoso biological cycle is inter¬ 
rupted and scxed individuals who are able to repopulate the aasock- 
tioiL There is this difference: The fertUhred egg k divided integrally 
into bhisto meres, leaving no residue, while the founders, or the 
fertilized female founder* of the insect societies exist beside their 
immediate descendants. But this difference is not fundamental, for 
each offspring in a society of insects originates from a particle of the 
hereditary substance of its parents, just :is the cells of a mill tied hilar 
organism arc only a fraction of the initial fertilized egg- 

The only important difference is this: The multicellular organism 
is u coneretc association in which the members are bound together 
by anatomical connections, while the societies of insects are discrete 
ass orations formed of anatomically independent elements, lading un- 
aMi" to influence each other except through their ethologies 1 Ixi- 
havinr. 

Wlien we studied the origin of multicellular organ ism f. we recog¬ 
nized that it wns brought about by particularly favorable economic 
i'j;«iLillttoinot necTi^sitoting the emigration of die wlh after their 
division, and allowing them to exploit a territory in common; to the 
same cause may be attributed the origin of insect societies: The 
termites as well os the liymenoptera are nest-building animals, and 
the ilc- j.t. abundantly provided with food, constitutor for these organ¬ 
ism- :l privileged territory where the offspring rnay live in the midst 
of the family* 

We have previously shown the contrast which exists between the 
puny multicellular organisms, all of whose cells arc equally repro- 
din live, without differentiation, and the powerful multicellular or¬ 
ganisms with much more numerous cells, among which there h pro¬ 
duced a differentiation into gonocytefi and Bomatocytcs* the latter 
being the humble servants of the former and sooner or later passing 
into a lifeless condition. 

Similarly we know of familylike associations of insects or of 
spiders in which all the individuttls are equal, in which there are no 
neuters* and these associations are but little devcloj>ed ami ephemeral „ 
for the necessities of the struggle for existence force an emigration 
of the individuate* It is only in the societies of termites and of 
hyitienoptera that simple families have lieen able to Iwome per 1 
niEineni populations, thanks to the appearance of innumerable in- 
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diyidiiflls which do not reproduce and which arc siieriiioed to the 
complete life of the fertile individuals This phenomenon of tho 
limitation of sexual reproduction* a corrective for excessive popula¬ 
tion* common to perfect multicellular organisms and to the perfected 
societies of inlets* m characteristic of oil stable bio logical associa¬ 
tion*. for we find it else where in another form. The only mammals 
which would have been able to originate permanent populations are 
the ungulates and the primates, polygamous animate which give 
birth to only one or two young after a long gestation. 

LeL lit? add also that tu the polymorphism of the somatic colls of 
the mnlticollular brings corresponds a polymorphism of the neuters 
among the social insects* since* at least among the termites and the 
anu* there are the soldiers* and since the workers of the ants can 
themselves he dilfereniktecL 

The Ji mg resemblance which exists between multicellular 

orgnnkm* and societies of termites imd hymen optera causes us to 
believe that we cun reason by analogy in solving the still unsettled 
problems which 1*enr on both, 

IL 

Hrenting this* regarding the problem of the historic origin of 
insert 5odeth* H it will bo necessary from the beginning to choose 
lietween two opinions, 

Herbert Spencer* with whom some biologists are agreed, thought 
that the societies of insects were due to a gathering of a number of 
individuals building the some nest in common? there resulted from 
this an advantage in the st niggle for existence, n division of thu 
subsequent work having produced the neuters. The association then 
came together before looming a composite family, and consequently 
in the ' egtnning resembled n myxomyeete. 

The majority of naturalists are, on the contrary* of hr entirely 
different opinion. They think that the historic determination of 
the phenomenon was just the same ns its present determination. 
The association was at the outset a family proceeding from a single 
founder, a couple among the'termites, a fertilised female among 
the hymenoptera. The association was m this respect comparable 
to a multicellular animal. 

The first interpretation hm in He favor only very feeble argu¬ 
ments It encounter?* moreover* insurmountable difficulties, of 
which the principal one is the necessity of admitting that the ini¬ 
tial manner of constitution of these associations has been com¬ 
pletely modified in the rmrree of time. As a matter of fact, nil 
observation* agree in showing us that it is always a couple who 
found a society of termites, that it is always a fertilised female 
4£903 B — l 1 !!--S3 
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who is the origin of the association among the social lijmenoptera, 
ae it is always it fertilised female who builds the nest, moreover, 
among ail the solitary hymenoptem, from which the social hyuien- 
opteia are descended. 

It is true that it has been sometimes stated that Jmneuoptera 
have wintered in numbers under the same shelter, that certain soli¬ 
tary' wasps have built nests so close hi one another that their nests 
ended in being joined; it is true that nests of PoKute* and of Vrs>pa 
have been found containing two nr more queens, but it was not 
observed how these nests were originated, ami these cases are so 
rare that we may consider them purely as exceptions. It is true 
also that II. von Ihcriog discovered in Ilnuri] that the nests of 
various social wasps continually contained n certain number of 
fertilized females, and that R. von Ihermg saw' that tha case was 
the same for the bumblebees in the same region, but the origin of 
these nests is unknown to us. To pretend with the authors that the 
‘•monogamy ” of the social hynumoptei-u of the temperate regions 
was derived from tlie " polygamy" of the social hymenoptera of 
tropical regions under the influence of the lowering of temperature 
since Tertiary time, the winter causing the death nf tho neuters and 
the dispersion of ihe fertilized f emu Ip-, ia to forget two positive 
facts: Rrst. that there are monogamous rude Lies of bvmcnopteiii in 
the tropical regions; the polygamous associations might lie derived 
from them through the fact of the climate, the new fertilised fe¬ 
males remaining in the association, which is permanent, with the 
neuters; second, that in the temperate regions there exist societies 
nf wasps which disperse well before the appearance of the first 
cold weather, the evolution of their ne»t building being entire! v 
comparable with that of the solitary hymenoptera from which they 
sprung. 

We conclude,-then, that the present phenomena of the constitution 
of insect societies are a reproduction of the phenomena which origi¬ 
nally gave them birth, anil with this view we shall not have too much 
difficulty in interpreting the facts. 

111 . 

We shall take up (separately the termites and the social hymmop- 
tere. Among the most primitive termites, the nest is hollowed out of 
rotten wood. It ig built by the future royal couple, and after tire 
long betrothal necessary to the ripening of their genital glands the 
king and queen are both busy feeding the young. These evolve rap. 
idly into neuters, which are either mdo ur female, and thus is tin- 
society constituted. Tho completely sexed individuals appear 
later. 
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The termites have then for ancestors insects among whom the nude 
M well us the female looks after the offspring, which explains why 
the male neuters act in tile same way its the female neuters in taking 
the place of the parents In this function. 

It is interesting; to note that it h rnnong the very inject a which 
attack wood that k most frequently encountered an association of tins 
two rates for raising the young. This is notably the case with the 
bjmemqptan of the genus Tri/poctylon^ as Fibre )ms shown, and with 
the col copters of the genus Ptwwlu^ of which the mate and the 
f cm ale eat the wood to nourish their larvae. 

Previously we have shown that the termites are merely specialized 
BttiQida* dating from thei tertiary. Now, there exist to-day in North 
America cockroaches nf the genus Da^poma which live in rotten 
wood. The females and mules are encountered side by side with the 
young. What mo it is necessary to arrive at the association of the 
termites i £ ifrt* that the individuals of both sexes occupy themselves 
with raising their offspring and constitute n family, and then that 
the first young be neuters end proceed to transform rjjc family into a 
society* 

Among the social hymenoptcra, all of the ante have sorifd habits, 
while only the higher of the wasps end bees live in associations. 
^ asps, bees, and ants belong to the group of hymenoptera known as 
diggers, so remarkable for their habits but to different classy of 
diggers. The society is, however, of the game type in these three 
categories, and in these different cases the origin may be considered 
as being identical. Among the fosse rial hymenoptera the solitary 
wasps and bees already possess the nest. the basis of every association, 
a nest built by a, fertilized female and formed of cells which the insect 
fills wit It provisions for the future larvae. Her task com pitted, Lin- 
mother dies without seeing her offspring* In the social types a fer- 
L dizrd female begins the const ruction of the neat and nourishes her 
first larvae, hut her work Is far from being done, for very soon the 
larvae become adult*, and these adults, small in are neuters of 
the female sex* The neuters, instead of scattering, help their mother 
nod gratify their own maternal instincts, devoting themselves to 
bringing tip the family* More neuters, all females, come to augment 
these* and it is only later tlmt are bom the males and finally the per¬ 
fect females. 

The production of neuters among the hymenoptera has then, as 
for the termites, transformed a family into a society, 

IV, 

The phenomenon which dominates the origin nf insect societies 
is the appearance of neuters, and we will examine more cloady this 
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peculiarity, lo proceed logically, let us ask first how it comes 
about that die neuters are exclusively females in the societies of 
hymen nptcra. which are, indeed, essentially feminist societies, while 
they are of both sexes among the termites, where a male lives with 
n female. This peculiarity is related to another strange fact which 
we find among the social hyinconpt era—tb£j fact that the male is 
horn from an egg which is not fertilized. 

I’irst formulated as an hypothesis by Dzierzon, this partheno* 
genesis has been demonstrated indirectly by the fact ascertained 
by Dueaberg for the wasps, bv Meves for the domestic bee, by Lams 
for the ants, that in the spermatogenesis of this® insects there is no 
knryogamic reduction. Of the two kinds of spermatozoa which are 
pnn[need, as among tho other animals, one contains no chromosomes 
and dies while the other includes all the chromosomes of the 
spermatogonia. The corralary of this is that the nudei of the male 
should be hnploidic—that is, containing only half the number of 
chromosomes of the nuclei of the female, the latter being diploidic, 
es in the other animals. The positive demonstration of this difference 
is. however, yet to lie made. The absence of karyogamic reduction 
«onfirms the fact, ascertained among the wasps and bees by von 
Sicbold, that the egg giving birth to n male contains no siiemmtozoa. 

Is this phenomenon peculiar to the societies of hvinenoptero ? I 8 
it a social peculiarity which conld have as a useful consequents 
an economy of spermatozoa allowing the fertilized female to pro¬ 
duce more neuters* It is not probable, for it would presuppose a 
peculiar polypenism. It is more likely that it already exists among 
the ancestral solitary forms, and « special study of the spermato¬ 
genesis of tlie diggers should be able t« prove it 

It is acknowledged that the seminal receptacle of the fertilized 
female of the social hymenoptem can be contracted to kt out the 
spermatozoa which it contains. If the organ contracts after the 
egg laying, a spermatozoa penetrates into the egg and that one pro¬ 
duces » female individual ; if the receptacle does not contract tlie 
egg remains untouched and produces n male. 

M. Paul Marshal has tried to complete this explanation in nn 
ingenious manner. Being granted that tho different kinds of emrs 
succeed each other tn a regular manner during the egs layinif of 
the social hyroeuoptera, that the female first for a | 0 ag time lavs 
egg? from which come nenters-therefore fertilized egn since the 
neuters are fcmaLe-tl.cn eggs of mules, and finally ems of perfect 
females, he supposes that a time arrives when the seminal recent u-k 
Of the female is fatigued and creses to function, to take , o it* 
activity Inter. r 

ftfe this regular Recession in the laying „f fertilized and non- 
fcrtdmed eggs, mamfestmg itself either during the one-year life 
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of the female or each year, when, us among the domestic bee mid 
the ants, its existence is much more prolonged, which explains how 
it comes about that the neuters of the hynienopteru are exclusively 
females: Under the conditions in which neuters are produced, their 
mother is in a period when she lays only fertilized eggs, 

V. 

Let us follow the study of the neuters among all of the social 
inserts. We note that they differ from normal individuals by certain 
characteristics peculiar to each of the categories to which they belong 
and by various features which arc common to all. Let us examine 
these. 

The neuters are sterile, but this sterility is relative. At birth their 
genital organs are in general pimply arrested in development; it is 
rarely that thoy are completely atrophied, as in the nnt THramorhtm 
caespiimL This castration is the result of insufficient nourishment 
in the larval state. It is followed, as M. Pan] Martha! has observed, 
by a nutri mental castration, the neuter passing to the young the 
greatest part of the nourishment which it can gather, anil keeping 
for itself only u portion too scant to develop its genital organs. 
Jl. Paul Marchal has proved that worker wasps, when restrained from 
their duties us nurse and abundantly nourished, begin to lay eggs. 
In this way cun be explained why the neuters, as well among the 
wasps as among the bees and the ants, can under special conditions of 
nourishment be fertile and lay eggs which always produce males, 
since these neuters never pair. It is also by means of special nourish¬ 
ment that the termites can transform from workers, and even from 
soldiers, to supplemental kings or queens, not resembling completely, 
however, the true king or queen, in case of the death of these. 

The neuters, as they are, differ further from normal individuals 
through n partial suppression of their instincts. The desire to mate 
is absent among them, which is due, no doubt, to the condition of 
their genital organs. Having no offspring except in exceptional 
ease®, they gratify their instincts as builders and as nurses, which 
remain intact, to the profit of their brothers, and they do uot emi¬ 
grate, probably in accordance with the law of least effort. They 
profit from the work begun by their parents or by their mother. 

VI. 

The morphological characteristics which greatly differentiate the 
neuters from normal individuals, or the new instincts which the 
neuters present, arc much more difficult to explain, We are con¬ 
fronted by various theories, the biologists having tried to apply to 
insect societies the explanations which they have adopted to interpret 
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the differentiation of the somatic cells from the rcpioluctive colls 
among multicellular organisms, 

Herbert .Spencer and the Lmuorckinns, believers in the heredity of 
acquired characters, not being able to understand, for instance how 
u termite soldier or an ant soldier being sterile is reproduced in the 
following generation with a plasticity and with instincts which 
appear to be neither male nor female, have supposed that the char¬ 
acters peculiar to the neuters are nevertheless transmitted from gen¬ 
eration to generation, owing to the fact that prime neuters, even sol¬ 
diers, are sometimes fertile. This opinion should be abandoned, 
because the reproduction of neuters is exceptional and entirely insuffi¬ 
cient. when not lacking entirely, e are, on the contrary, forced to 
admit that the characters of the neuters are not due to the inheriting 
of functions, but to the inherent properties of the egg of the species, 
and this is of great importance, (establishing the comparison with 
multicellular organisms, we have the right to ask ourselves whether 
the heredity of acquired characters enters into their evolution, since 
'vc must explain without this fact the sometimes considerable state 
of perfection which the neuters show among the social insects. 

The naturalists who do uot share the opinion of Herbert Spencer 
are divided into two camps. Those of the first, with Emery, think 
that the eggs from which the neuters come do not differ from the 
eggs from which the fertile individuals are born, hut that the germi- 
native plasma of the eggs is labile, producing under the influence of 
various conditions of nourishment different results; the neuters 
vcmtd be trophogenic. 

The others, with Weismann, believe that the eggs giving birth to 
the neuters contain it genumaUve plasma distinct from that eon- 
tamed by the eggs from which rome the normal individuals, and 
that external conditions have no influence on the result; the neuter 
would be blnitogcuic. 


What do the fact* tell us? Among the wasp Polities na&itms, 
among the most primitive of the Vetpa^ and among the bumblebees 
the workers differ from the fertilized female only in size- as the 
year advances, as the society increases in number, m the conditions 
of nourishment become more favorable, neuters are born whose size 
* “**• davdoped, and there is scarcely any hiatus between 

the smalls neuters which appear first and the perfect females, 
noth represent the extreme fluctuations of the same tvne hot™™ 
whirL oxi# ,‘H U-JO-. With M. P.nt Mcutshd on hdi™ 
hnt H it th- t,n.U< qu.nl,U „f nourishment chit* .IetomiM. 

- W - -Mh 

With M. P..1 MtoM « .*> him Hu, „ lonp th, hWltr 
Of**. n. • rest,It of . noc.nl perfection which munlmtS the .ifffur 
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cnc« in conditions under which an? produced the workers and the 
perfect feu tales and which removes the conditions under which these 
last are produced further from those vested in the prcsocial ancestor, 
there will be established n wider and wider divergence of characters 
between the neuters and the queens. 

1 he case of the domestic bee is extremely suggestive. Here the 
queen is profoundly different from the workers: these have pre¬ 
served nearly ull the characters of n female of solitary hymenoptera, 
wldle having acquired several new instincts. The queen* on the con¬ 
trary. has departed from the ancestral beaten track: she has lost the 
pollen-collecting organs, as well as her nursing instinct*; her wings 
are shortened, her sting modified: on the other hand, her genital 
organs are enormously developed through an extraordinary increase 
in the number of egg-hearing sheaths, and she is ready to lav eggs a 
few days after hirth. These differences are no longer those of two 
extreme fluctuations, but rather those of true mutations: they are, 
however, of trophogenic origin, nourishment entering into the ques¬ 
tion here not only as to quantity, hut also as to quality. We know, 
in fact, since the discovery of Sehiraz, that the workers con create a 
queen from a young worker larva which they bring up as a queen 
larva. Instead of leaving it in a narrow cell and feeding it with a 
coarse paste, they build for it a large cell, which they (ill with tlve 
royal jelly, produced from the secretion of their digestive tubes. 

These facts evidently arguing against the opinion of Wcismaon, 
we are tempted to extend, with Emery, to the neuters of the ants and 
also of the termites the ideas which the wasps and the bees teach us. 
Let us see if tins is possible. 


YII. 

Among the ants, as among the termites, it is the normally fertile 
individuals which, contrary to what hi shown by the domestic bee, 
have preserved the characters of the presocial ancestor, while the 
neuters have advanced in evolution. The neuters are notably always 
a it Input wings, and they are especially characterized hy a great de¬ 
velopment of the head, to the detriment of the abdomen. This 
feature is connected with the power of the jaws, and it goes on in¬ 
creasing with the size, for the workers among tlw? ants and the 
soldiers among the termites can be divided according to this feature 
into several categories. The soldiers of the termites constitute a 
caste entirely distinct from that of the workers, and often very 
different from the parents, while among the ants the neuters having 
a maximum size are culled soldiers. 

Xow Professor Bugnion, of Lausanne, has made an important 
discovery regarding a termite of Ceylon. The soldier of Euterme* 
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Jfljnwfm as it connes from the egg already shows the frotital horn, 
3i l this extremity of which c>ppiu> the orifice of the enormous cephalic 
gkmd which enables it in thu adult shite to rover an cimkj witti 
a repugnant liquid* If the sterility of tba soldier is of a trophogenic 
order* as is iiujst pruhahle, since tha soldiers of the termites cun 
sometimes become fertile, its very unique characters, entirely absent 
Liiiioiig its progenitors and among the workers, are of a bUstogmic 
urtler* \\ e nn* here in the presence of a plivnomeiion com para 3 4o 
to tlmt which is shown by those PapUb which bear in the frame 
egg laying two or three kinds of females* or else simply something 
analogous to sexual dimoprjfliifint Is them, ns for the male und 
the female, a different in the ehroinosome content of the nucleus 
which characterizes the egg from which the soldier comes* We 

do not know jet, but in that case it is Weisnmna who would he 
right. 


Is it necessary to conclude from this that, oe for the soldier of 
<ht- termites, if the sterility of the workers of tho termites or of 
thi- neuters of the ants in general is of si trophogenic niitDfi', their 
m^rpholqghtel peculiarities lire blastogenki Wo do not think so. 

The workers of the termites differ much less from the normal 
individuals than the soldiers, and as for the nuts it can he said 
that their neuters are not more differentiated from the female than 
is the worker bee from the queen. Webmimn has, moreover, made 
an observation of great value to the point of view which we take. 
Ibe ant bills of Formic a sanguima are frequently infested by 
cfilciiptera of the family of Staphylinides, Lomechuta *truwow. 
J hese are parasites which the ants take care of and of which they 
even bring up the larvae. The Lomtchma have hairs on which is 
spread a secretion on which the ante dote and which intoxicates 
them. When these parasites become very numerous the ant hill 
full* into decay, the ants concerning themselves more with their 
than With the individuals of tlidr own species, h is e^tab- 
. then* that the larvae which ought to give birth to winged 
tern:,Its, being poorly cared for. produce or.lv “ pseudogynes " dt4n- 
erate wingless females offering transitional characters which "ap¬ 
proach those of the workers. It is the counterpart of the transform*- 
tioii of a worker into a queen among the bees! 

U a arrive then, at this probability: That, except in tho special 
of the soldiers of the tenuity which are in some way grafted 
on to the general phenomenon, tho neuters of the social insects are 
of trophopme origin. Was it not the same in tho beginning for 
the somatic cells of multicellular organisms? 

^ a result, the historic determination of the appearance of die 
neuters, original cause of the transformation of a familv into a 
society, cause of the existence of insect societies, is an insufficient 
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nourishment of tho larvae by their parents. The initial couple 
among the termites, the nest-building: fertilized female among the 
hynieiiopteiu, would not have been able to famish their young with 
the food necessary to the development of their genital organs. This 
misfortune would have been able to entail the extinction of tha 
species had not the social life come to save it 

Insect societies are anomalies if this term is applied to every 
phenomenon deviating notably from that which is usual in nature. 
The neuters are extraordinary beings capable of maintaining their 
existence* being useful through their behavior. They bear witness 
to the triumph of life through death. The multicellular organisms 
own their power to the death of the somatic cells; in the same wav 
the exuberance of the insect societies results from the death of 
innumerable neuters, sacrificed to certain privileged individuals* in 
the interest of the race. 
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THE BOTANICAL GAEDEXF? OF JAMAICA, 


By Wiluau 11, M.vxoJf, 


[ With 20 ivliiti *.) 

To many Americana who have enjoyed their first acquaintance with 
the Tropics through n voyage to Jamaica, that island, picturesque 
in its unfamiliar ami exceedingly luxuriant vegetation, has itself 
seemed like a huge hot amen! garden. The feeling j* espec ially -strong 
if the visitor has been fortunate enough to journey out of the beaten 
path of the tourist, hack among the heavily forested Blue Moun¬ 
tains, which almost everywhere are visible from the lowlands in 
the eastern half of the island. There he will have found fulfilled 
every inviting promise of coolness, damp dense shade, and sheer 
tropical luxuriance of the “school geography” kind: tho forests 
filled to overflowing with a bewildering profusion of ferns and 
clambering vines; the larger trees studded with orchids and bright 
bromelinds, or so smothered in hanging mosses and liverworts that 
their very individuality of trunk and branch is lost; and the damp 
forest borders no less completely green, the precipitous banks—for 
all Jamaica is rocky—covered with u dense mosaic of herbaceous 
1 lowering plants and of ferns in almost infinite variety and abun¬ 
dance, 

I he multitude of ferns alone will convey the impression of a 
botanical garden ujHiti a stupendous scale. Of these there are not 
far short of 600 species in the island. AO cf which are tree ferns 
(Cyatheaceae), several commonly attaining a height of 40 feet or 
more. Tree Ferns ore commonest in the higher mountains, although 
one of the most abundant and beautiful of all (f i/ath,/.- arborea) is 
found mainly at low elevations, for example at Bog Walk and in 
the gullies near Port Antonio, where it has been f-en and admired 
by thousands of American tourists. 

But whether in Ihu mountains or in the lowlands, am) quite aside 
from the unusual character of the vegetation, there arc various other 
features—the smooth, white limestone roads, the brilliant sunshine, 
the songs of strung* birds, the volubility and general good nature of 
the blacks, mid, above all, the delightfully equable climate—which 
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together will give the northern visitor ul first a detachod, eiotit? feel- 
ing. as of mere csfetonre in a curious, new, btuJ infinitely surprising 
out of doers, 1\ ith most of us there will chug to first impressions of 
luxuriant tropical life it kind of glamour that lessens little in retro¬ 
spect. 

In the midst of the most charming and favorable surroundings 
the colon la I 'government of Jamaica has established several public 
gardens, which not only have value as places of recreation, hut serve 
also very diverse purposes of scientific and economic usefulness. Tim 
history of their beginnings and growth is not uninteresting, espe¬ 
cially since for a century and a half the Government has rather 
consistently followed a broad policy of official support in these under¬ 
takings. 

early efforts. 


The first botanical garden in .Jamaica was established nearly 150 
years ago by Mr. Hinton East as a private enterprise upon his 
estate near the present village of Goribntown, about 9 miles from 
Kingston, This attempt must have been successful, for we find A 
committee of the legislature in 177-1. under the inspiration of the 
governor, bur Basil Keith, recommending the appropriation of £juo 
for the purchase by the Government of land suitable for a botanical 
garden and of £300 for the annual salary of n botanist. Accordingly 
in the following year an estate named Enfidd, adjacent to Mr. Eiwfi 
^utlem was purchased by the Government and placed under the 
charge of Dr. Thomas Clarke, who came out from England to assume 
the new position of island botanist. Clarke seems to have entered 
upon his new duties with much enthusiasm, introducing during the 
next few years such useful tropic.d plants as the camphor tree (f,V 

ijyrry ctinesG lea p Iant <"«' «« 

Ittclu {ArpMmm TUtM), the sago “palm" (f>» ettvina^j, the 

move tree {hager&t r wgapfatiatay and the akee {ElUjhia *apido). 

be last-mentioned tree is to-day common in many parts of the 

island. Its beauty consists not only in its rich glossy foliage but in 

the Strongly centreing, Urge, scarlet fruits, which, splitting down 

he side, show each throe large, shining, deep black seeds upon a 

nekpoTin'l of fleshy white pulp which partially surrounds them; 

i T rif " i whpn cooked is a favorite dish of the 

Sr a 1 i U - CkH - 7tS is attended 

null risk, unless well-ripened fruits are used. 

BATH fi AUDEN, 

Some dissatisfaction being expressed as to the suitability of En- 

f 7 11 V*™*** ffirden, an act was passed in'lTTS for 
the puntae of a .mall tract of land bordering the historic little 
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viUftfie of Bath, lying in the eastern end of the island, -It miles east 
of Kingston and distant G miles from the I nrilbean. Acconltngly, 
Bath Garden was founded the next year and placed under Clarke's 
care. Many introduction.- of foreign plants now followed rapidly. 
One lot was received in it most unusual wav, nairndy, by capture. 
It is a matter of history that in 17*^ a French ship, hound from 
Mauritius to Haiti, having been taken by the English tinder Rodney 
and sent to Jamaica as a prize, its c argo was found upon examination 
in include a considerable shipment of ecfmomic plants. These were 
alJ i dan ted out in Mr. East's garden* Among them were cinnamon, 
jackfruit (Arl&carpus integrifpfia}* ami mangoes—the last two not 
previously imported into Jamaica, The story rims—apparently 
without contradict inn— 1 that hi the lark of si descriptive invoice the 
new' plants were known for a time only by the serial numbers with 
which they had been tagged, and that in this way the u No. 11” 
mango, since so well known, received itg name* 

In 1793 Captain Bligh* H* M. S. Provide*io\ brought several hun¬ 
dred plants of the breadfruit [Ariocarpu* mcha) from Tahiti* and 
many other valuable tropical plants as well. These were dirtribtited 
among the planters* besides being planted at Bath Garden and in 
the garden of Mr. East, the latter known commonly as the Liguanea 
Garden from its location at the northern edge of the dry Ligiianea 
Plains, where these bonier the southern foothills of the Blue Moun¬ 
tains, Either from plants of this shipment or of the earlier ones 
the mango spread rapidly, foreshadowing its present development as 
the most characteristic tree of cultivated areas at lower and middle 
elerat ions. 

As to the further history of the Ligimnea Garden it may lie noted 
that this property was purchased by the Government upon the death 
of Mr + East in 1790, only to be disposed of again in IS 10 to private 
owners. 

t larke was followerI as island botanist: successively by Dnnccr 
(lT97) t MncFadyen (1325), and Oigson (1828), Of these Mac- 
Eadyan is best known, principally from his critical studies of the 
native Jamaican flora. Among other accessions of this time was a 
collection of living plants brought from South America by Hig&on 
and planted in Bath Garden, which by the addition of a few acres in 
1829 wa£ more than doubled. 

In 1846 Nathaniel Wilson, who had been in the Kew Gardens for 
several years, was appointed island botanist and curator of the Bath 
Garden. Under his capable management a very large number of 
additional plants were imported. He gave special attention to the 
formation of an extensive collection of fiber-producing plants, the 
cultivation of w'hieh lie foresaw ns promising a wonderful future 
to Jamaica, but secured also such introductions a.s the mangos teen 
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(Gamnw mangostam), durian {Durio z&cthinus), and lhchi, these 
easily ranking to-day as among the most del id oils of all tropica] 
flints. The introduction of the high-climbing Brazilian Bongain- 
viIlea, conspicuous for its great clusters of crimson-bracted flowers, 
and the flamboyant (Dd-onit rzgia), of Madagascar, also dates 
from his incumbency, besides that of many less known but con¬ 
spicuous trees and shrubs. The flamboyant with its huge masses of 
brilliant scarlet and orange dower* and its wide-spreading limbs, 
nearly bare of leaves ut dowering time, is now one of the common 
lives about Kingston and in other pails of the lowlands. Il was 
051)11 ■*» irho successfully introduced Amhcntia rwbiUt, of 
India, well known us the most gorgeously beautiful of all W"e 
flovmd IreefL e 

During this period the Bath Garden appears to have been subject 
to frequent inundation by the Sulphur River, and this fact, together 
Wll “ l ll! difficulty of further extending its boundaries to arrommu- 
date new plants, led eventually (in 1800) to the beginning of a new 
tpink n m the interior of the island at t'astleion. From this time on 
tile liiith (mrden, despite its location in aU extraordinarily fertile re¬ 
gion of heavy rainfall and rich alluvial soil, was allowed to diminah 
steadily m importance and. unfortunately, in extent, until at the Tires, 
ent time it covers hardly more than an acre. Vary recently ntan 
work has been revived at this old garden, and it is now used as , 

■ enter for the propagation of oum As « small arboretum Bath in 
.till of value, moreover, since it includes mutuiu individuals of many 
m erest,og trees, among which may be mentioned the durian, the hu-e 

] '“ lm w&rmdiftm) of Ceylon and southern IndE 

tfie deadly upas tree (Antiari* to&aria) of Indomalnyo, the Anda 
man redwood (Ptcrocarptts indteu*), the rut tan palm (Calamus 
rotanff) and the nickel tree [Omtona jamaicenrit) , the lost recently 
described as new. \\ ikon, while in charge of die Bath Garden, lived 
near by ut Mans held, an estate lying at about IfiOO feet elevation at 
the southern end of the almost unexplored John Crow Mountains 
an^d made an extensive collection of native plants, particularly of 

CASTLFTOX GARDEN. 

m artiial ^tablishment of Ciistleton Garden under the direction 

Vi ;1 , doee, y U P° D tbfl ***&*. of the site, in IStKMSS, 

and the development of this wonderful collection of exotic plants 

^dL T t T °l ** Tr ° I,Eca * h “ P«^oJd 

! d r , ' wbj ch >s ideally suite! to its purpose, mav be 

' M ^ bne t Ilv llS ltn exceedingly humid interior valley of aboJt 30 
™ ^ l0W d ! v * t 1 i ™ Ubout 580 feet above sea level). closely shut in 
nee W J steep hills. It has an annual rain full of 120 
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inches and an an mint mean temperature of 76°, Aero;* the island 
at tliis point runs a pood road, leading fruiu Annutto Buy on the 
north coast to Kingston on the sout h. Cutiebm lies 11 miles from the 
former place. HI from the hitter. Approaching from either direction 
the drive is through a most beautiful and picturesque country, much 
of it under cultivation. 

So description or series of photographs eun do justice to Castleton; 
it Ls a place which must be seen to be put at its proper value. The 
ground is somewhat broken, the declivities such as readily to permit 
the natural grouping and arrangement of plant* according to their 
a din ides or special requirements of habitat; and so completely is the 
planting in harmony with the terrain uml with the brand ful eur- 
roundiiigs that there is no suggestion of a heterogeneous assemblage 
fpf exotica brought to exhibition from the four corners of the world 
Nei ertheless, iti these 30 acres tm»iv kinds of Bast Indian trees have 
been introduced and grown to maturity than in any other American 
garden. 

Ihe importation of plants for Castle ton was nr first not rapid; hut 
after a few years it was determined that the distance of the garden 
from Kingston offered no serious obstacle to its development, ami 
in I860 no loss than 400 species of plants, either new u, the Island 
or otherwise interesting or valuable, were introduced from the Royal 
Botanic Gardens, Kew.then under die direction of the lute Sir Joseph 
Hooker. Among these were the Brazil nut (BtrthoiUHa exceUaU 
teak {TeetoiiQ i/riunfijt)—one of the hardest and most durable of t ,U 
shipbuilding woods—the Tanquin Ijean {Diptcryx odorata), „ddi- 
donul plants of the mangosteen, several varieties of cacao, die 
ceriman {Mon*tcra deticima). and over 30 species of exotic palms. 
During the same year two lota of grafted mangoes were received 
frenn India, In ISiO upward of 20Q additional aperies new to Ja- 
mjiicit were introduced, and in addition selected varieties of oranges, 
pineapples, grafted mangoes, and other fruits. The nutmeg trees, 
introduced earlier, bad already come into bearing. At this tunc, 
as in later years, the objects sought, though primarily economic, 
were recognized as being closely dependent upon precise knowledge 
to tie obtained from an adequate botanical establishment, and to this 
broad view is due very largely the enviable agricultural and hor¬ 
ticultural success subsequently attained. 

To the botanist no leas than the casual visitor the single feature 
of greatest moment will he the wonderful collection of palms, to the 
ntimber of nearly 200 aperies, grouped or scattered over the gentle 
slopes. Some of these deserve special mention, as the betel nut 
iArem catechu), the ivory nut palms {Phjtchphm spp.). the Ma¬ 
layan sugar palm {Arrjuja Kaadmrifcm), the tlicum palm of Brazil 
{Aatrocanjum vutyare), the cohune of Central America [Attalea 
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ceAuiK*}, Ihe wine palm of Ceylon and India (Ctirpota u reus), the 
wux palm of Brazil (CopemiesA certfera), the African oil palm 
{Eiath puineenm), n huge fan palm from Australia (Livistotut 
australis), the Cuban royal palm {Roytfamea regia), the raphia palm 
{Raphmrufia), several allies of the coconut palm {('oros spp.)- and 
the palmetto (Sobol palmetto) of our own Southern States, con¬ 
cerning each of which interesting chapters, if not hooks, might be 
written, 

.° f f!lc mt,rc interesting trees aside from the palms may lie men- 
tnine 1 ! the Brazil nut. of the Amazon region, its hard globular fruit 
shells 5 or 0 inches thick, such containing about 20 nuts fitted mosaic- 
like within: the so-called “cannon-ball” free of tropical America 
{( mtrouptta gwm^sk), related to the Brazil nut; various rubber- 
producing frees of ihe genera Sevca and CattBh; the litdii nut, 
previously mentioned; the elms union free {Vinnam&mvm seufam- 
wm),native m Ceylon; the camphor tree (Cinnattumwm. camphor**), 
of eastern -Uiu. one of the sources of commercial camphor; the Chile 
pme or monkey puzzle (.Irnimirin hnhricGttt), from the moun¬ 
tains of southern (’Idle; the kola nut tree {Cola acuminata). of 
western tropical Africa, the nuts well known for their stimulant and 
nmrima property the clove (Eugenia cargo phgltat’A, of the 
Eaat Indies; the native mnnehmed, a peculiar euphorbiaceous tree 
Wf celebrated for its poisonous fruit am f 

puce, the traveler a tree {Ravenaia madagoeettriensk). related to 

ZJUTT IT' ’ ,nd mtme * W*™*™ fraamm). of 
tropica! Asm. The most strikingly beautiful tree of nil is the 

.1 m.unb* (A. previously mentioned. A fine specimen of 

J ' ,Sl -r ft t i lC to th<> garden, its pendent 

IlU ^ T€nad r^ WC r * *#*"**! of the many beau- 

T m> ' } - Mld ' Rncst of aU * th, ‘ «“»**•Ible Victoria 
of the ****>* "*"“>» continuously i ft cultivation here since 

’The development of Ctetletou Garden over a period of 60 ware 
has progressed steadily, notwuStanding the attention given to two 
o her mnm enterprises, namely, the establishment of n botanical 
sta ,on in the mountains (the stalled Hill Gallons, at Cinchona! 
and the development of a garden at Hope, in the drv lowlands, 
where extensive ex per. menial work on economic plants is carried on 
to teller advantage than is feasible at Cast let on. 

THE “HILL OABDKNS "-CINCH0XA, 

CasMetoo Garden was scarcely under way before the project of 
establishing the Hill Gardena took form, principally as the result 
of a plan to foster the production of u Peruvian bark” or cinchona 
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iis a staple crop in the Blue Mountain region. Seeds of three species 
of cinchona (C\ succtruhra, t\ nituta^ and C. micranihd) Imd I™ 
received from Kew by Wilson in 1%1 anti plants raised from tlntse 
set out at various points in the mountains. This preliminary plant¬ 
ing resulted so favorably that in 18(58 a tract of approximately 600 
acres, located iqxm the moist upper slopes of the Blue Mountains, 
at 1,000 to 6 f 0Q0 feet, 16 to 20 miles northeast of Kington, was set 
aside and putullj planted to cinchona* At various later times ad¬ 
ditional neighboring territory was acquired for this and other ex- 
peri menial purposes until this initial tract wn£ greatly extended. 
Owing to the unforeseen and disastrous competition of the East 
Indies, however, the quinine industry was never lv great success in 
Jamnieii, although the growth and yield of tlie trees fully justified 
the expectation of those who had initiated the enterprise. 

Besides efforts directed to the cultivation of cinchona* attention 
was given to the introduction and selection of various vegetables— 
such as peas, carrots, potatoes, cabbage, tomatoes, cucumbers, and 
beets—suited to temperate tropical regions, and of various fodder 
and filler-yielding plants, as well as fruit trees of temperate climates 
The idea of a garden in the cool moist hill countiy for the propaga¬ 
tion of European vegetables had* indeed* been conceived as early us 
177-i^ by Sir Basil Keith, The project as finally achieved a century 
Inter proved successful in many ways, and the Hill Gardens* or 
u Cinchona. ,r ns the place came to be generally called, became and 
for many years remained the headquarters of the Department of 
Public Gardena and Plantations, from which work in other parts of 
the island was directed. Excellent administrative and residential 
bungalow quarters {Bellevue House) had l^een established on an out¬ 
lying Konthorn spur at 5,000 feet elevation, commanding an utmost 
unobstructed view in three directions and somewhat protected on the 
north by Sir John's Peak, John Crow Peak, and the lofty connecting 
ridges which here form the backbone of the Blue Mountains, These 
were care fully maintained also during a later period T after agri¬ 
cultural and horticultural activities had been centered at Hope 
Gardens. In 1908, following the virtual abandonment of active work 
at Cinchona, the buildings and about 10 acres of adjacent land were 
rented to the New York Botanical Garden, which with the wnthu* 
Elastic approbation of a large number of botunists of both this 
country and Europe at once carried out a plan, long cherished, of 
establishing a botanical laboratory in some accessible part of tropical 
North America. The arrangement then begun continued for 10 
years, during whic h period many important studies, mainly 
tnatic and physiological, upon I he fiom of the region were carried on. 
^ince 1918 the pro)>erty has been leased for one year by the British 
42m*— -34 
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Assin'intioti for the Advimcriuent of Science and for three years by 
the Smithsonian Institution, flip hitter acting on behalf of 12 AiacH- 
etin itniverities ami individual botanists. 

The situation and surroundings of Cinchona are ideal, both for 
residence and for purposes of study. The cleared lands immediately 
surrounding the buildings are very beautiful. They embrace a wide 
sweep of dose-cropped lawn, extending from tlie terraced banks and 
formal gardens which surround the residence, Conservatories, a ml 
laboratories, far down the slopes to the south, these bordered by 
extensive ornamental plantings of native and exotic shrubs, trees, 
and tree ferns- Experimental plots and gardens are at either side, 
partly screened by luxuriant hedges. Excellent trails lead in all 
directions, notably one of 3 miles, almost on a. level, to Mnite’s Gap, 
along which over 100 species of ferns occur. Just below Moicp'j 
Gap lies the deep “hothouse" valley of Mitlnvs River, an intensely 
humid locality in the midst of unbroken primeval forest. The 
peaks previously mentioned may all lie ascended by trails. They arc 
heavily forested and the trees support a typically luxuriant rfltn- 
forest cpi phytic growth. 

file aierage annual rainfall for ( inchottiL (covering n period of 
30 years) is 105.T inches: tlie lowest recorded annual fall is 50,4iJ 
inches in JH&7, the highest 17S.T7 inches in iflrtO. The monthly 
mean maximum temperature is invariably below 72% so that, with 
the frt-rli cost and northeast, brwstcs which prevail, enervating hot 
weather is never experienced. “Hot waves** are unknown."The 
nights are cool, or often cold (absolute monthly minima 46* to 64°). 
Kingston and historic I*oit Royal, basking in plain view a mile 
beneath, in the glaring coastal region to the south, seem half a con¬ 
tinent distant, rather than a short 16 miles by trail. 

It would, indeed, he hard to conceive of facilities 1 letter suited 
to general botanical laboratory investigations in tropical North 
America. Additional opportunities are afforded by the herbarium 
anil laboratory nt Hope Gardens ami bv the living collections at 
both Hope and fast let on, which make possible the comparative 
study of a wonderfully wide rang© of plants from many distant 
tropical and warm temperate regions. 

H(WB GAHDEXS. 

In l ft T3, only a few years after the beginning of the Hill Gardens 
nt ( inrhonn, the Colonial Government obtained possesion of about 
200 arm of land in the Liguanea Plain about 6 miles northeast of 
Kingston, adjacent to tlie Hope Reservoirs, which supply the city 
witlt water taken from the Hope River below Gordontown, and 
established here a small nursery and experimental station, the be¬ 
ginning of the present Hope Gardens. The accessibility of Hope 
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to Kingston ltnl. eventually to its development in part as a pleasure 
garniaiii fortlie inhabitants of that city, but si more immediate I'ausr' 
of its establishment was the need of il drier locality thnn Casthton 
for the propagation and experimental study of many plants of eco¬ 
nomic importance to the island, particularly sugar"cane, of which 
upward of W> varieties had been received from Mauritius and Mar¬ 
tinique in and I^TJ, During the two following yours the cine 
varieties were all removed from Castleton to Hope and planted in 
plots totaling 5 acres; 10 acres was planted to teak. Gradually dur¬ 
ing the next few years, and coincidentally with the development of 
Hope as a pleasure garden, the more utilitarian phases of purely 
tropical agricultural work were transferred from Castfcton, and all 
smukr activities were at length (1579) combined under a department 
of public gardens and plantations, with Debtor {later Sir) Daniel 
Moms in charge. Morris, upou his appointment ns assistant direc- 
tnr at Kaw in 1SS6, was succeeded by Hon. William Fawcett, under 
whose direction, and with the able assistance of the late William 
Harns, subsequently superintendent of public gardens, the possi¬ 
bilities of Hope were brought to full realization. Within recent 
years Hope Gardens and agricultural expertmental station, and the 
other bofamcal gardens in the isiund, have been placed under n 

newly organized department of agriculture. Hon. H H Cousins 
director. ' ' 

The influence of Hope Gardens and of the work there directed has 
icen pronounced, and effective over a much wider area than con¬ 
tained within the narrow limits of Jamaica. Experimental work 
on tropical crop plants has consistently remained the leading fea- 



an ana and cacao, kola, mangoes, pineapples (“paws”) of many 
\ane le.-,. guigt-i, rubber-yielding trees, granges and other citrus 
fruits, spies plants of several kinds, tobacco, vanilla, cassava (.1W 
>o, utJi«jtma ), plantations of forage flJt d fiber plants, and. per- 
tiap ns jntcresting as any to the tourist, the ippi-appi «palm» 

“P™ - ° f 80 ’“** “ I*™”*"** » f «» ■*•!« 

I rom the nurseries are supplied, at a merely nominal price, many 
thousands of young plants annually to the inhabitants, who other- 

™ d 1,0 . Sllr}l ffn ' ict ! sin,:e there are no private nurseries 

in ie island. The plants are grown anil midtlv distributed in small 
pots made hy cutting the hollow stems of the common cultivated 
hamboo {Bomb*** iwfyarU), 3 nr * inches thick, into sections of 
appropriate length, the solid partition at the joints forming the 
bottom of the pots. In the same wav very large numbers of berba'ccous 
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rmd shrubby ornamental plants an? distributed annually all oven the 
island* hy steamer and railroad. The half shrubby u crotons 11 
(Codmfum)^ conspicuous f<»r their brilliantly colored and variegated 
leaves, are easily the favorites, and monstrous and unnatural as their 
garish coloration might seem in the tloitd-dren^hed mountains, they 
are fairly in keeping with the scorching glut's of the lowlands, where 
they prosper amazingly* The phi/as and small parks and the formal 
gardens which front most of the inclosed villus both city and sub¬ 
urban, would indeed be dull without them. 

Hope Gardens are easily reached by a modem and well-equip ped 
electric street < ar line which runs out from Kingston (at sea level) 
northeasterly over the dry dusty plain* past Halfway Tree (famous 
for its huge 44 Tom Cringle'' silk-cotton tree) to Papine, less than 
a mile beyond the main entrance to the Gardens. So gentle is the 
rise that the altitude reached (TOO feet), though not great, seems 
hardly credible* The ride has been through fin ami suppnrting a 
strongly wrophikms vegetation* of which more than half of the 
conspicuous s^niic-rxjfl trees, including the mesquite (Pr&$*}plx jufi~ 
rhm j) and the East Indian u woman tongue 11 (A It h?in tehbek) are 
uf foreign introduction. Of the native trees one of the most beauti¬ 
ful, with dean firm trunk, dense well-rounded crown of small, dark* 
glossy leaves* and beautiful dusters of lilac flowers, is the lignum- 
vitae (Gwtiamm ofjrcimik), Several terrestrial cacti uf the genera 
f 'frrui* and Ojntnth^ which w ere abundant toward Kingston, are here 
common* buL in the huge, flat-topped gttftttgo nr M rain tree” 
(Pitkecatobium mmur*)* widely introduced throughout the tropics, 
will often be found a climbing cactus (fli/torw trfatygwhi rA?), 
sometimes in its profuse growth completely taking possession of the 
trunk and main branches. The general character of the vegetation 
is not prepossessing, for although the annual mean temperature here 
is 7<5 G there is a total rainfall of only 55 inches per year, and the im¬ 
mediate landscape is usujiUy parched in appearance. The high Blue 
Mountains to the north <lrain the saturated northeast trade winds, 
mill the breezes from the south bring little moisture. 

The transition to the Wautifu] planting within the gardens 1 m. 
therefore, abrupt. Two hundred acres are included in the tract, 
the inner portion being laid out as u botanical garden and experi¬ 
mental stetion. Leaving the main highway to Papins and Gordon- 
town, over which trudge daily hundreds of Negro market women 
bearing heavy head loads of produce raised 10* 15* or even 20 miles 
away in the mountains the driveway within the gardens leads for 
Fome distune* through a rather dense ornamental plantation of 
shrubs native and exotic, with clump* of many different kinds of 
cacti interspersed. Emerging from this the full beauty of the gar¬ 
dens comes upon one: The wide expanse of well-kept lawns, the 
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driveways bordered with thriving exotic pal mu of varied habit and 
foliage, shrubs mussed in profusion along the borders of the ground-: 
ns fur ns the 03 x 1 enn distinguish and forming arlwrs over many of 
the walks, and a wonderful display fl r trees of tunny kinds growing 
singly or in groups, brought together from all the tropics. The 
luxuriance and perfection of growth b owing largely to irrigation 
from the Hope Reservoirs. There are ferneries, l>oth open and 
tinder glass, orchid houses, propagating houses, and, above all. a 
wonderful double row of divi-divi trees {Cct&dpinia coriaria) be¬ 
neath which is an almost unrivaled collection of living epiphytic 
orchids, assembled through years of exchange. One of the most 
interesting trees is the native keeh.u k {Lagetta UnUaria), confined 
to Jamaica, whose inner bark, beaten out into a strong and beau Li fid 
lace-like doth and made up into various ornaments, is thoroughly 
familiar to the tourist. 

At one end of the gardens is located the directors residence, and 
near the middle the administration building, a two-story structure 
which contains the offices, library, and herbarium. The herbarium 
is nearly complete in its representation of the native Jamaican ferns 
and flowering plants, the collection and study of which have always 
received special attention. 

From an old “sugar estate” Hope has developed into an establish¬ 
ment of first importance, known the world over. Its influence in 
Hie island 1 ms already been mentioned. There remains to acknowl¬ 
edge with gratitude the courtesies which have invariably been ex¬ 
tended to American visitors in increasing numbers for 20 years past, 
jot 1 tourist^ and special investigators of the flora or economic prod¬ 
ucts of the bland. 

OTHER GARDENS. 

Besides the gardens already described there are two which require" 
ine mention. The first is the Kingston Victoria Park, sometimes 
nown ns the Parade Garden, situated in the heart of populous 
Kingston, the sent of government and now as for centuries p^t the 
principal port of the island. It b 6*1 feet aliove sea level and cm- 
r.iCLS t acres planted to flowering shade trees and. palms, with 
'on ere of ornament:il shrubs and herbaceous flowering plants. It 
is lighted by electric light in the evenings, and affords a fine recrea¬ 
tion ground for the inhabitants of Kingston, The annual mean 
temperature here is 79% and the average annual rainfall is sliditlv 
less than 32 inches. 0 ' 

Kings House garden and grounds comprise the inclosed tract of 
ground surrounding King’s House, the official residence of the gov¬ 
ernor of Jamaica, 4 miles from Kingston on the road to Hope, at an 
elevation of 4«) feet. The mean temperalure here b about that of 
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Kingston, but th© precipitation is greater, amounting to 47.5 inches 
Annually. The grounds contain 177 acres, of which about 30 is main- 
tamed ns an ornamental garden attached to the residence. The ap¬ 
proach is by nn avenue lined with stately rovnl palms (Sot/ttonea) 
and trees of the willow fig {Firu* bftijamJna)^ with borders of 
massed ornamental shrubs and creeper? in noteworthy display. In 
the garden proper, adjoining the house, are ferns and many rare 
tropical palms and orchids. Numerous tropical fruit trees and 
economic plants are under cultivation, and here «ko are many tropi¬ 
cal water lilies and the surpassing Victoria rtgia of South America. 

An attempt has been made not only to indicate in a general way 
the main interesting features of the several botanical gardens of 
Jamaica and their diversity in so far as climate, composition, and 
useful ness are concerned, but also to show how consistent has been 
their support and development, over u long period of years, how con¬ 
stantly the agricultural needs of the inhabitants have been kept in 
mind, and how for nearly 150 years this effort has been dictated by 
considerations of singular breadth and of understanding as to the 
fundamental part that purely botanical investigations must neces¬ 
sarily play in the welfare of the people and their straggle toward 
material prosperity. 

It was in 1707 that Dr. Thomas Dancer, elected u physician of the 
bath of St. Tiiomns the Apostle” 15 years earlier, was appointed 
u island botanist." ITis duties were defined os follows: 

Tf> collect; tiiae. and describe the unlive pltmiH ©r tho Wand; tu use hU 
laiiteamrs to find cut their medicinal virtues; to discover 1/ they posses any 
cieaHikes useful to the arts; and annually to famish the Il-mse with a correct 
1U; lit such plums a* are In the botanic gardwis. together with snob iaforraatkem 
u-s be may have amalrcd relative to their n*fts and virtue*. 

The objects here sought, through systemutic botany, were primarily 
medical, but the spirit which prompted this legislation has been 
widely reflected in the support since given to botanical and agricul¬ 
tural projects. This attitude as to the proven value of tropical 
botanical gardens is admirably expressed in a report of Mr. William 
Fawcett, director of public gardens and plantations, in 1885, when in 
commenting upon the work of the gardens department and its chief 
liims and postdates, ami particularly of the need of intelligent self, 
help and cooperation, he wrote; 

TI.C* Increase In the variety of eulmrui prmluci* aait the tamunlolDg Infineon 
of common (til tituuts ary awtter* of appreciation In every part „r Hip oantry 
fraiu [cioijo eqIu tu scaeoast. ?,%ery p'-ram who oh mins plants run] prows Uipol 
fr-'m the simar planter who mat!™ trial or <|]Jferent vurlolles of cane to the 
siaiill witter who mow* n mitm.-j; plum, la making exjetiinmitj which are cif 

direct benefit to hlmrelf noil Indirectly to his neighbors and to the district. 

■ ■ * 
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It Is &eame]y mwc^!ir> to say nnythln- la Jamaica ft 1bunt ihe Importnnra 
generally of botanic: pjardens, for the need f^r them has been walEmioualy 
reco^ulzetl hen? far mo tv than 100 yeure The value of esJsitnG ip 

Jamaica, Trinidad, ami Detoeruni I* ^ evident ILml lately botanic garden* 
Mive bean started La Antigua* Bo min Ira, Montserrat* nail St Kitts Xerta, 
among tho Iwnti Islands; let Grenada, Si. Luda, and St- Vincent, 1 among 
the Windward Islands; and heiei more recently In Itrltlsh Hmidurus. 

Botanic gardens In the Tropics do Uw work, on the plant side, of agricultural 
departments In tom pom le climate*. They ere In thentmlvefl experimental. ota- 
t\om and are much more eiUelent 3n Introducing new cultural product*, and In 
dUftHbaflng plnnte and Imparting useful Information, than mm t agrloiUuml 
deportmttiU. 

The tropical botanical gardens established by the British through- 
oat lheir colonies arc in close relation to each other, both directly 
and through Kew, to which they look for assistance and advice* 
They it re 44 not isolated* but an? branched of an agricultural de~ 
partment as wide as the British Empire itself,” Their bene lit to 
the Empire? and its dependent peoples and to the world at large \m# 
been, literally% incalrubble. Knowing this to be true, and realising 
however imperfectly the enormous amount of exploratory and dtil- 
turnl work still to be done in furthering the production of tropical 
foods and row economic materials of many kinds upon which the 
civilized world is increasingly dependent, may we not hope that the 
hrst activities of the newly organized Institute for -Research in 
T mpical America will be directed toward the establishment of ade¬ 
quate botanical gardens in all the possessions of the United States 
within tlio Tropics f 


Fhobograjihg rfligwn In plates iir unit 13 wens ccmrtcuuply contributed by tbe 
Nc?w York Botankul Gartltn ; thu others, with ii single sccpUoti, were made by 
Mr G. N, Collins, of the Bureau or Flam Industry, United BlatCfl Depart rneot of 
Agricultural. 


l A fiTlTtl of a botanic surdnia ca|n b3 Labcd In 176S. 
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Smith Ionian Rff&orL 192Q^Ma*0n. 


Plate 3 + 



View Across ho^e River. Just Selcw Gordon town. 

l^tbdtantol^nto CBr. Th. t»ta.tk. 


















Smitfi Ionian Rfljwrt, 19 M— 


Plate 4. 



Fnt# ™ 0F TH£ AKEE Bliohj * iafieja^ A Favorite food of the Jamaican Blacks, 














SraiithHRillfl 1920—MlLKDIh. 


Plate 6. 



FQLiA&E ANO PftUIT OF THE NUTMEO ‘ MYJTI&TiCA FRAGRansL 

-V uut. Iruni ilu title k fleshy tPn-nlTfi] hude. \t ilwmm he\u*- m tlu lutllfc* f» o4fM t. at ndLUd- 

fktTr.ty istLivJepLns it 1 j the irnt’u ™* J 
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Plate 6. 



View in Castletoh Gardens. 

A leV uf tJtu man f FS*«=* uf judlha nrr, h** A Prat]™' cluoiiTj nf 1 , .. 

F^iud r h*ynii4 tiro vrwUruSy p<3f ™ h “l* Lfi ^ nikUlli^ 
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PLATE 7 



VIEW 114 Castleton G arise NS. 

A nupo ■■palm 1 * iCyrnt ctotoMfli}, ulih in* i^lnu^r srirrul ppouaki the Ittrfcpnrtuaii, 
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Plate e. 



FHUIT AHD SEEDS OF THE KOLA fOXA ACUMINATE 

t*. 
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PLATE 0. 



Flowering Bkanch of Allspice or ' PrwENTo’' (Pimenta officinalis). 














Tropical Water Ulies Castaua »,>. , h Cultwat.ou at Cattle ton 
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Pu\T£ 10. 















Smith lanlan Eapcut, 1£20 —MbjuiiL 


Plate ll + 


The "'Tree Tomato" (Ctphomahora betaceal 

UlU dfltldaua truth fnj^nlsi tlav llUic Mhhiuj.liu cv^Juii emw ( L i* hi.iiiu, k uc/.l .luuaJJj ni^utd uinlcf 
A'Ltw LjL L!iu I'lJit-'L fiitiEet <L_\uH;i,iI i.ict , 
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Plate 12. 



A. “’Bellevue house,' 4 the Bungalow residence at Cinchona, 



B . Greenhouse and Bonder, Adjacent to the Residence at Cinchona 

























Srr.r[^icf|i Ijrt Reci£?rt. T 92 Q 1 — 


PLATE E3. 



A, A OonNEFf Of THE i-AWN AT CINCHONA. WITH PLANTINGS IN NATIVE AND EXOTIC 

Plants, 



a. A Pern-Bordered Path at Cinchona. The Ferns Planted - are Main.y 
AlSOPHILA OUADR [PIN KATA- 
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Plate 14. 


THE SILK-COTTON TREE fC^re* — , 

A JaJ£* TTflJMtnown EndfrUukl at “ IJalfira* Tm." 

IhBflp^diSKrCtMiS Lb ™ *“W»i «4d la 
















View in Hope (Gardens (1904). THE Director's Residence in the Distance. 

if h[l>' nf fH* vbtLian jniimft hum ihtpwn Imvs ehhw irown to a coi uAjtmiila iUc. 
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Plate 19, 



A FIJI PALM PH ITCH AK EH A THUfi5TGN1 } G ROW I NO IN HOPE GARDENS, 
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Plate !7< 



A MADAGASCAR PALM {CHfi Y5 ALIDOCARRUS LUTEKEKS), GROWING IN HOPE 

Gardens* 
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PLATE (8. 



A vanilla Plant 'Vanilla planifolia'. Growiko on Divi-divi trees in 

hope Gardens. 
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Plate I a. 



Flowering Branch or a gsanadilla (Passi flora macrocarpa>, 

A<tf Soutt Are***, ailliTiWiil lt«|»r faCT |,u L ^ <Tt**uptnHb - ■‘irtlmrt (NatureI **.) 
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Plate so. 


A. LOCiWQOE> (HAgWATOXYLQH CAMPECHIANUMU 

TJsbiraporti.jLlKUHmntliw, Gran. Ospmaiiito.], bnuw rtundut Ulnrittlu Jm 

(nJunua. 



B. loq'iVqod at Railway Station f ready FOft weidhihq. 

Tlw dy#i. JfM’Fntilu.iyLli:. ji i>jr>1.;u np«f in Lhr* J!Lrtr|w‘uuil.r 
























DATURAS OF THE OLD WORLD AND NEW: AN 
ACCOUNT OF TIIELR NARCOTIC PROPERTIES 
AND THEIR USE IN ORACULAR AND INITIA¬ 
TORY CEREMONIES. 


Bj- Willuu M SAmi&u. 


I With Vi pkitL*, J 

During the recent war, mhm the United States was cut off from the 
sourer of supply of many important drags, it was found Unit an 
excellent substitute for atropine, a product of the Kumpean Atfrvjpa 
Vilmnay could be obtained from our common Jamestown weed 
and other closely allied plants belonging to the same ^enus, Datura.* 

A critical study of this genus has revealed great confusion in 
Ixitenicn] litem Eure os to the specific identity and origin of some of 
the most common species* Certain a sit hors have confused a well- 
known plant, endemic in Mexico and northern South America, with 
the Asiatic 1*ah.tra mtt&h a species based by Linnams on the }&uz- 
or meteUnut of the A mbs and the tlhaturn, or tint ra, of the 
Hindoos, Other authors attribute the origin of the purely American 
Datura strmTt&mitm to the Old World and separate its purple variety 
from its typical white-flowered form us a distinct species ; still others 
segregate the tree da turns of South America as u separate genus. 

This paper is part of a thesis submit led by the writer for the 
degree of Doctor of Philosophy at George Washington University, 
llie remaining parL entitled Syn&pxiw of the Genm Datura, was 
published in the Journal of the Washington Academy of Sciences, 
vo ^ 4 ] U pp + 173-189, April 19, 1921, It. 1 - object is to clear up the 
existing confusion and to call attention to the remarkable properties 
of the various species of this genus, and also to .give an account of 
their use* Ijoth in the Old World and the 3few T as intoxicants and 
ceremonial plants used for oracular divination. 

-TltfA* plant! fliff lLi4r vlrtu M (ft *rri*i a ulfcalaWj. ptforfrallj bj^msfriut mil 
■cOpalamlae, ^Utilised ctaiclfl* in JKttultm, mldrtti*, bad wcumtu-y Q«rr«« of the It-av**; 
fllap En (tf plAtUa of tb? fluwtfrs rvcuJ lb * ^mon of tb* m.’inih? jh^Ju.. Stn? E, ^UimUT 
“Ertar die AHaloMe +-lnlff^r mjdr^Ojrlk^frt^dFr Snlimanvn," i u Irrh, .1 Vhirm ' 
r l 4H ’ t IflTA 
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TI1K USE OF SAnrciTIC I’l.ASTH AMONG THE ANCIENTS. 


The history of narcotic plants goes back to remote antiquity. The 
Pythian priestesses of Delphos prophesied while under their influ¬ 
ence, The lovely Helen, as related in the Odyssey, to innke Telemnelius 
fonret his sorrows, held to his lips tt cup of wiuo into which she had 
secretly put the soothing nepenthe. Diodorus of t?icily, in his account 
<if the narcotics of Egypt, tells of n plant used hy the women of 
Diospolts for dispelling anger and grief. Early Sanscrit and Chinese 
writings toll of a magic plant used as a hypnotic, or narcotic, in all 
probability identical with the metal-nut, or dlmturu, which Christo val 
Acosta, in his account of the drugs of the East Indies, suvs was so 
skillfully dispensed that adepts were able to gauge doses, the effects 
«f which were to Inst for as many hours as it was wished to render 
the subject unconscious, 

. ^ 11! ^ Shakespeare was familiar with narcotic plants of this kind 
“ indicated in several .if his plays. The gentle Juliet, when in her 
distress she seeks the holy friar, skilled in physic, receives from him 
u potion with these directions'. 


Tithe tliiiiu this, phial. Man then In tied. 

Aut| dill diHtlileKT Eiqour tlf Ink thou off; 

Wlien vtewntlf throujzb nil thy T*tw aJiatl run 
A tola mail drw*> bamar wlilirh ghnli jwIsm- 
KiicL vital spirit, for no ahull 
JIJa natural iwogt but to beat ; 

Np iviCTith, Mu hmith, FhnU ratify thou flvat; 

The roses iti thy Lips utHi elwfc* HhaJl fade 
To poly nsli^. thy window* Ml 

t ^ wtH i] he fihtjta up the tiny of life; 

’kfich fcirt dnprl vtxl of Httpph* ^vemin-' j iit + 

»bul| BtUf and stark, nud W w, apl *. flr m < p (tonUl . 
And In tbit harrow'd ilkrnesa of shrunk death 
TlM.it Khali continue twaand-Portr-hoars. 

Anil then awake fis from a pteusam sleep* 


That Shakespeare was fam.bar with the mandrake, or man- 
dragora, whose shriek® when uprooted were declared bv early her- 
halists to cause madness, is indicated by Juliet's reply: ‘ 

Haw tf. when I am lultl into the tomb, 

1 wake before tin- time that Itntm.-j 

Come to redeem me? There’s * fearfni point 1 

* * ■ • , , 

Atack. alack! Is It not tike tlmt I. 

Sio early waking wbas with loathanme mudla 
Anrt Hbrleto l ike rmadnUa, f ,, rn oUt <)f 1 

Thai Irian mortal* hearing them, rut, m n(J - ' 

•>, If t wake. Hhall I not 1» Ulatmacht 
_ Emlmnetl with *|j U,,* hhteous 


up if Jilllft, iff I, 1 Hvnm I 
■ IbUt, in *. iracw a 
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After having instilled suspicion bito this mint! f»f Othello he makes 
lago exclaim: 

Look, wbstt! he corneal Not poppy* nor niandraacftL 

Nor nl L ibe drowsy sktips of the world. 

Shall ever meet kina Lh-:-e (o tlmt fiweet sleep wltkh than ow T dBt yesterday* 

Cleopatra, bereft of her Antony, bega Chnnnitm for & potion of 
mandragorii* that she might sleep out the great gap of time when he 
was away from her.* 

Again, he refers to tnandragora in the second part of Henry VI, 
when In reply to the Queens taunt: “Hast thou not spirit to curse 
thine enemies f tf Suffolk replies: 

A plJiRii^ H|x»n tlieni l wherafere fiTiauEd l curse them? 

Would curses tlU, as doth the mimdrnlte^ grew), 

I would Invent m b!i ter-Marching tcmii, 

.Vs cnr=L rj harsh ami horrible tu hear/ 

NARCOTIC SOLANACKA E, 

The Solatium family, to which the genius Datum belongs, includes 
a grant number of plants remarkable for their narcotic properties* 
among them the mandrake (Mandmgora), belladonna (Atropa) t 
henbane (Hyocscyiimus), and Scgpolia of the Old World, and tobacco 
(Nicotiam) of the New. Strange to say* it also includes several im¬ 
portant food plants* such as tlie egg plant, tomato* and potato. 

In the Old World the most famous of all woe the mandrake. Mm- 
draff ora so frequently mentioned by Shakespeare, During 

the Middle Ages this plant \\ m much used in amorous Incantations. 
Its forked root, which by a little contrivance is easily made to assume 
the human form, helped to endow the plant with magical properties* 
According to early herbalists it would shriek aloud when torn from 
the ground* and so dangerous was it that those who ventured to 
gather it had to stop their ears to guard against deafness or even 
death. One of the (.imt writers published an ilUisiratinii repre¬ 
senting the custom of using a dog in gathering it. The earth having 
been carefully dug from around Lhc plant, a dog is tied to the stalk* 
In attempting to run away the dog pulls up the plant and is repre- 
rented as writhing in the agonies of death- Among the famous Old 
World plants are the deadly nightshade, Atmpu befindontu i* the 
principal source of atropine: the henbanes, or u insane roots/ 1 
Hy&ttifnmu* niger and llymcyttmm and the metel-nut, or 

mix-methel, belonging to the genus Datura. Td the New World there 
are a number of species belonging to ibis gtmu*, some of which* os 
stated above, have been confused with Old World aperies* 

* OtlL*tl»t act 3, icfv 3. 

Mufiiaj nnO Llcopatrn. act I, rvhc a, 

■llfcQfj Til arconril part, lit St, wmtK 2. B*£? al*u OulLi li^ a HfclYlrita of Lkfenrc ^Alfiat 
Sldtuirn, p. 41, 1 $ 7 $, 
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III STORY OF THE GENTS BATURA, 

The* earliest account of a plant of this genus is that of the learned 
Arab Avicenna, who in the eleventh century described a certain fruit 
under the inline j&us-mathil. or metal nut, and mentioned it among 
the drugs of the Arabic plmraiitcopiuia (pi. 1). Avicenna's account 
was translated by Dioscorides, und this so-called nut was recognized 
by Mntthiolt and other early botanists us the fruit of a narcotic solan- 
aceotts plant, which w:is described two centuries later by Linnaeus 
under the Dame Dffifuro mete l, 

ChristOval Acosta, in Isis Trnctmlo de Ins Drogns y Mod ir inns de 
hm Indies < iricntates (1BTS), gives an account of it under the name 
i>fiturn, stating that in the 1-sist Indies it was much used as an 
aphrodisiac. Its trumpet-shaped floweis he compares to those of a 
Convolvulus in form and its .weds m size lu Lentils. Among the 
Hindu enam0rad*vsy he says, few are without Datura seeds among 
their most highly prized treasures. They were ground to a powder 
and administered in wine or some other medium, and 

he who jm>tnken of li Is derived uf Ills i iimyla <*a<* a«4a>, for n haw 

tinie lau^hltu* nr weening or »!H*|iinir, with various effects, ami oftentimes tall 
Inj* Liiiil wplytn*: w that at tlmi-s In- fli'petu* to La* in hitf right mltkl, but 
really Mo* nut of It ami not km j wire the |k.tmhi to wlium he Is «|cuk!i« nur 

raoiem tiering wlrn t lias tin likened iifrcr hi* pEnuttbou has ptaed. m.ny muu* 

ilam* lath.a are stick Udattreare mid dilejita In Uif? ti *t of this s*h! ilmi thee 
give it la tkaes corre*potullng to mt many liouri as they wish their poor victim 
to L» uneotiKloiie or tniiwportul. And, truly. if ( Wi . r „ teI1 H! „ rtca of w ,- mt j 
laive heard or seen rolatitifi to tills matter and the different ways [ |, JlV( . 
iwOTfe art when wider the Influence „r the drag I would (iU many sheet* of 
Iiaper. but ns Mils is not neo^tu? t will refrain, I will only sav that I have 
never ar*n anyone die t min its , ilWts, toil i have seen some who have 
about for several doys pertarUsj, nll j this mast have been bocutiM* It had 
l«s-u given to then, In t,« Ur^e dim* which, if too great, wilt can*, .l.mth, 
J'ccnuM- Mils *.vil contains v,*!,iuimiiH parts, alllmuati the Gentiles administer R 
ns a diuretic with (icupar and betel leaves a i*,| say It Ls efflem lmis, but this I 
have not even nor tried, buying other inw.li tires more sjife for the parpoat* 

Tito high i ?teem with which this plant was regarded by the ancient 
Chinese Ls indicated by Li Shi.Chen, in his celebrated work on the 
Materia Mcdica of China, Peu ts'uo hang nut, published in 1S90L 
According to this author the Chin cue nnnic of this plant, man t'$ lo 
hva (probably derived from the Sanscrit) is taken from a famous 
Buddhist sutrii, “Fa hua dung” in which it is declared that when 
Buddha preaches a sermon the heavens bedew the petals of this plant 
with ruin drops; and, according to a more ancient tradition of the 
Taoists, the name of tli* plant is that of one of the circumpolar stare, 
and every envoy sent down from this star to the earth is supposed to 

** **■ I mrtllfln** tip lx* lidfai Orfcpatalcf p_ SS + 
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carry in hie hand one of its flowers; so that the Chinese came to mil 
the flower by the mime of the stun Li Shi-Chen gives a pretty good 
description of the plant, which he says has leaves resembling those 
nf an egg plant, flowers with a white hexagonal corolla, blooming in 
the eighth month (September), ami round prickly fruits; bat "this 
description is corrected by a Japanese botanist. Quo Rnnsuin. who 
says (hat the flower is normally pentagonal instead of hexagonal; 
nml this correction is sustained by Siinumn Yokusai, another au¬ 
thority on old Japanese botany, who gives a very good illustration 
f.f tbe flower in question (fig. 1), identifying it with the white- 
flowered form of Datura mett le known to the Japanese by the name 
of t’hoseu-mogao, or 14 Korean morning-glory/'" 

Matsiminra, a Japanese botanist, has recently called *tention to the 
fact that another vernacular hjiihc applied to the white -flowered 
thh'c nhasen-amgao is mandarago; and Dr. Tyozaburn Tanaku. to 
whom I am indebted for the above account of tins plant, informs me 
that the latter name is nothing else than the Buddhistic pronuncia¬ 
tion of Li Shi-C hens man t'o Jo fcim, undoubted|y derived from the 
narcotic u mandragorar so famous during the Middle Ages. 

ORIOIX OF TriK NAME DATURA. 

It was this Asiatic mctel-tiut" cnlied in India Dhaiurn, or Dutra. 
that gave its name to the genus. In the Hortus Cliffortianus of 
Linnaeus (17S7) it appears as Datura pericarpii* mitaniibu* ghbdtti*, 
or Datura with nodding globose pericarp^ or fruits; and the flowers 
were described as varying in color, with a simple white corolla, „ 
siniple purple corolla, a double or triple purple corolla, or a double 
corolla white within and purple on the out side. 

True to his principle of not adopting a barbarous word for u 
generic name, Linnaeus latinized the East Indian Dhatura, or Dutra, 
by giving it the form Datura, explaining the name by the following 
pun. Daturse, licet origin is sit |jcregrinae, vocalmlum persistent 
valet, cum n latino dcrivari potest; dnntur et datnrar forte in Indiis 
pastime scmiiia a lascivis foe minis mantis inert ibus.’ r ® 


CflXFIJSJON* OF SPECIFIC NAMES, 


After reading tlie above reference to the use of tiie Asiatic Datura 
as n narcotic and identifying witlj it the Datura mcDl described by 
Linnaeus * !l ^ lT% "t edition of his Species Plant a rum by mean* of 
the descriptions and figures cited by Linnaeus, it seems strange that 
itot.mists should have abandoned the valid name Datura, mtfrl for 


“ tatewttW'In nq.tr In thin p)«rr that OiU.nt t bi Jamotawn 

* Han. ttlffort.. ji, m. 1737. 






(Cbtactf'aftiCao) 

n«. t -WWhMtownd ,tn*i* *>t» *j 1M*.« ™<“| **• •«** *»* ,,K * * K *“- 
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thoAfii q ti c species, substituting for it Datura fmtwm, which was 
lirst published as a specific name in the second edition of Species 
f lantaruiin and transferring the name Datura metal to an American 
pJant specificdl, distinct from the true Datura metel of Linnaeus.* 0 
cruder the brief description in Hurt US Cliffoninnus. a1»o«e cited, 
the first two references lend to the identification of the StrammuL 
or Pomum gpiuamm f described and figured by Buubin with the Stra- 
inonia of Fuchs ins and the .Vti* m dhd of Avicenna. Bauliin’s fi- 
uras agree with that of Fuchsias e 

(1542) in the form and surface of 
the fruit, which bears very short and 
thick spines, not subulate or needle- 
like prickles; indeed, his second illus- 
trillion (fig. 2) is a reduced ropy of 
Fudisius's. It was not until after 
the publication of the Hurt ns Cl if- 
fort inruns (1737) that Rumphiua 
11 uhlidled his If erbnrium Anibuinense 
containing the plate reproduced in 
the accompanying illustration. (Fig. 

A) Linnaeus is careful to cite this 
plate, both in the tenth edition of his 
System* and the second edition of 
his Species PlanUrum, us an i I lustra- 
lion of his Datura metal. In the 
former work he publishes D. ftutuona 
ns the name of the second figure on 
the plate, not os :t numbered species, 
but as n variety B; in tile latter work 
he gives it specific milk, making it 
dtffer from the typical D. maid in 
having tuherculate instead of prickly 
pericarps. Fortunately the figures 
themMihes show that these differences un> nominal. and one inis 
only to vsnmine the fruits of the various forms of this East In- 
umn J.Hiatura to be convinced of the variability of their mlierclca 
or prickles, (bee plate 1.) That the white and purple forms 
of the single or double flowered plants should itll be referred to one 

h J T ; mnu<?Ulf ' is J' UBtifif3(J ! *> the best modern authorities on 
East Indian botany; but that the name A fastwna should lie adopted 
for the species and the previous l y esta blished type (A mdd) reduced 

.‘^ri.'TSr.sr unos 


I-’jii, 2. — Cnulitd'a figure of 
L. Fucbsiai 
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to ft synonym, as in Trimerrs Handbook of the Flora of Ceylon, is 
inexcusable,, 1 * Still more surprising is the treatment of this specie 
by Nees von Esenbcck. who rebaptized the species D* alhoy citing as 
ir$ type the very plate of Bum phi us which Linnaeus cites as the 
typical form of his D . me tel™ (fig. 3); while C- R. Clarke, ill 
Hooked Flora of British India, not only ignores Linnaeus's refer¬ 
ences above mentioned in connection with Datura meiel but trans¬ 
fers this specific name from the Asiatic metJbnut to a plant of 
Ajumcin origin and cites 
as an Illustration of the 
species, not the figures 
of Fuchsius, Bauhin, or 
Rumphitts, which fix Lin¬ 
naeus s sjwcies, hut an 
UJu-Htmtinn in Curtis's 
Botanical Magazine (sec 
%♦ 4) of a plant grown 
in London from seed of 
American origin, 11 clear¬ 
ly identical with Hillers 
Datura innoxta 3 which 
will be described be low J* 

For the misunder¬ 
standing of Linnaeuses 
Datura metd, Bunul is 
largely responsible. In 
De Candolle^ Prodro- 
nuis (vol. IS, pt. 1, pp. 
o41->4i) the section of 
the genus to which Lh 
nwtel belongs is treated 
by this author in a most 
unsn I isf ae tory ma n n e r, 

Ehoregirding Linnaeus's rw - ****** Min^r. v$*a pi. a.) 

reference to the Straiuonia of Johannes Baulim (fig. *2) as the basis of 
D, met$l t and, indeed, not referring at aU to its original publication in 
the first edition of S|>eries Plantarum, he describes as distinct species 
^he various forms originally regarded by Linnaeus as varieties of the 
East Indian Dhutura, and still so regarded by botanists familiar with 
East Indian botany; accepts Need von Esenbecks />. <iZZw, substitnted 
for the previously described />, tm.tr!^ and identified, like that specie?, 

^Trtrn^n. If aqiTB. Fl, t&i. 5, P, 2SS s lS4to 

“JfaM run Etabltork In Ttnn*. Unn. Sc*-.* ™i, 17. p, 1834. 

Pi. tW. lad,. S. 213, 1S8S, 

u Qanln x D!tl_. ed. Nu. G, 17&S, 

mW— -30 
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with tlie Duirn albn of Ifiimphiu^;; and fails to quote Linnaf ilh'p cita¬ 
tion of the very same illustration (see Eg. 3) upon which Xee* bused 
his species. This Aaiulic species {%. 1). the distribution rif which he 
glees ns u in orenogis ubique per omnem Indian Orient nlmiu' 1 he 
makes identical with the American />. innoxia Miller (tig. 4) 
already referred to, a species which Miller definitely static grows 
naturally at La Vera Cruz, Mexico, whence he received the seeds, 
Fortunately the plant continues to grow in Its type locality, where 
abundant material can be secured for study. 

Under />, faxtuom Uunal does nut indicate that it was in the second 
edition of Species Plant arum I hut it fir-t appeared as a distinct 
species, but cites Species Plantarum without, giving the edition of 
the work or the date of its publication; while under D, mefal he 
fails to mention its appearance in the first edition, but cites only 
the second edition, so that the inference would be that this was the 
place of its first publication and that, instead of preceding, it fol¬ 
lowed the description of D. fmtuosa, After this arbitrary treat¬ 
ment of D. meM L,, one is curious to know what plant Dunnl refers 
to this species, which ho could not entirely ignore. In the De Can¬ 
dolle Herbarium he came upon an American plant, collected by 
Ucrlandicr at Victoria in the .Slate of Tumaulipas, Mexico, which 
appeared to correspond with the description of D. mxtet, and which 
indeed resembles that species very closely. This he settled upon as 
/>. tin'is? T* and identified with it i* second Mexican plant collected 
by Seined* and Deppe on the sandy Iwach of Yeru Cruz, and also an 
imperfect specimen of a Datum collected by Humboldt anti Ilon- 
piend on the beach of Guayaquil, Ecuador. As for Asiatic exam¬ 
ples of />. vv trL definitely declared by Linnaeus to be the source 
of the East Indian aphrodisiac drug called dhntutu, he cites not a 
single specimen, but he docs give us a synonym Ruinphius’e Dutnx 
nigra, which Is nothing else than the fcol&dhatura, or black datura 
of India, not specifically distinct from the $ofed-h<ttum, or white 
datura. 11 

BOTANICAL IlBSKintPTlON OF THE ASIATIC PATTRA 3IETEL. 

Datura metel L. is a spreading plant with dichotomous branches, 
usually herbaceous but sometimes becoming shrub tike with the base 
of the stem and the lower branches woody, and the root, which pene¬ 
trates deeply into the soil, bearing .several large branches of similar 
sire. The entire plant is apparently glabrous and has the appear¬ 
ance of being covered with fine grayish dust or flour, The terete 
glossy stems and older branches are marked with the scars of fallen 
leaves. The [caves are triangular-ovate in general out Sine and tm- 


“ Sr<i WJtti I I>lrL ta.xua. Ptiifl. rfulls, toT. & pjv sa-irl. %mo m mulrr Puiurtz fa*tu&§* r 
Lhfi IjJn'.'k L'fllorn. mill D. nr nJRe. llu- wblu? Dmurt 
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equal-sided at the base, especially those of the upper branches, acute 
at the apex, and with the margins usual}y ungulate but sometimes 
entire. The flowers (see pi. 3) ore large and funnel-fllta ped, often 
double or triple, one corolla issuing from another; in the type form 
pure white, but sometimes of a dirty whitish color, violaceous, red¬ 
dish-purple, ur purple on the outside and white within. The tubular 
calyx, as seen under the lens, is minutely sppressed-pubescent, with 
five triangular, acuminate marginal teeth, ami is usually about one- 
third as long os the corolla. The corolla limb when fully expanded 
is almost circular, normally with five equidistant radiating nerves 
terminating at the margin in a short acute tail, but often ti-toothed, 
and iti the inner corollas of double flowers from 5 to ID-toothed. 

The luberdcd or murirate globose fruit (sea pU. 1 and 2 and figs. 1, 
2, and 3) is borne on a short thick peduncle which is never erect as in 
l>. stramonium (pj. 6) but curved to One side, so that the fruit is st 
length more or less inclined or nodding. The persistent expanded 
base of the calyx Is either reflexod or oppressed to the pericarp, 
which is not vaIrate, os in D, stramonium, but crarlt, open irregularly, 
revealing a mass of closely packed, light brown, fist seeds which 
nearly fill the interior. 

Type locality ,—As to tlie mother country of Datura metel, Lin¬ 
naeus states, in the first edition of his Species P Inn to rum (p. 170, 
1753), ** Habitat in Asia. Africa.” In Ilortus Cliffortianus, under 
his description of the plant which formed the basis of the species he 
is more definite: “Crosrit in Orients, in Malnbria, Aegypte, etc.;” 
while in the second edition of Species Plant arum, where he identifies 
Ids plant with Humph ins's Dutra. alha, he extends its range to the 
Island of Amboynn. Xowhere docs he mention its occurrence in the 
Canary Islands, as cited by Sees von Ewnbeck, hut it is very prob¬ 
able that “Ctvimm*' (the district of Konara, British India), men¬ 
tioned by It urn phi us as one of the localities of its occurrence, was 
mistaken for the Canary Islands” by Willdonow. who, in the fourth 
edition of Species Plantarum (p. inOft, 17D7) adds this locality to 
Asia and Africa: and it is this edition of Species Plantumni and not 
the first (where the species was originally established) that Sees 
cites, when he rechristens the species and improperly transfers its valid 
name to another. 

The illustration on page 5-14 (fig. 3). drawn by Mrs. Ft, E. 
f ramble after Hum phi us, shows the simple-flowered white dutra, 
Identical with the type of Linnaeus's D, urn tel, nnd a double-flowered 
form identical with D. ineM vnr. fattvosn. Rumphius states that the 
white dutra (see fig, 1) is very common in India mid prows to a larger 

*• BuinpMuB iffem to It at follow*! " I’«r tolmm frit InrtSmn, qoIb i*t luce fUam, In 
4iDO tara-n Jncv RMfll nwtt «i*Di In altom Minn <ruoo in Cauira IfaSnljim rh'adt, mnlto 
tllMuraeuktttnc Auil-ulaenni ft Molnocoiui. 1 f — tfors, Amb,, p, Jta, U47. 
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size tlian the other fnims; also that, white the upper leaves have uu- 
cqual margins on opposite sides of the midrib, the larger leaves near 
the base of the plant are frequently symmetrical or nearly so ami 
broadest at the base, with the salient marginal angles more or less 
hastate. He describes the corolla as five-toothed, white, and more 
than a palm wide* The flowers can not endure the heat of the mid¬ 
day si in, but they open on calm cloudy days ami especially toward 
evening, remaining expanded throughout the night and exhaling a 
sweet but faint lilvlike fragrance. He likens the fruit; to small apples 
as large as a hulled walnut, but rounder, subtended by a flat shield]ike 
pericarp which cont inues green for a long time, and bearing upon the 
surface short thick points, which do not prick but make it dithenit to 
seize the fruit. This finally breaks up into four parts, exposing a white 
medulla thickly covered with dark yellow, flat, rugose seeds, shaped 
almost like the human car, and having a sweetish but insipid taste. 
The black dutra has similar flowers and fruit but tlark brown or 
blackish stems and more prominently angled, deeper green leaves 
which appear to be sprinkled with gray flour, while the red dutra, the 
type of the variety fmiuoga, bag double reddish-colored flowers and 
lead-colored foliage. He does not hesitate to identify hip plant with 
the classic »w«-i!usfc0<*, or cue# Ac L and he states that AngmlUra be¬ 
lieved it to be identical with the narcotic hippo manes of Theocritus. 

The seeds of this species continue to be used widely in India. 
Capt. Thomas ITnrdwicke while traveling in J796 between Hurd war 
and Sirinagur, British India, found it common in every pari of the 
mountains where there were villages. The natives were well 
acquainted with its narcotic properties, and used an infusion of its 
seeds to increase the intoxicating powers of their spirituous liquors.” 
Dr. John Fleming, in his Catalogue of Indian Medicinal Plants 
and Drugs, states that Datura stramonium is not found in Hindu¬ 
stan, but that ft. motel grows wild in every part of the country 
“The soporiferous and intoxicating qualities of the seeds are well 
known to the inhabitants, and it appears from the records of the 
native courts of justice that these seeds are still employed f or t he 
same licentious and wicked purposes as they were formerly, in the 
time of Aeoelfi and Rumphlus.” M Many other references' to such 
uses are given by writers on India, Mr. Baden Powell observed 
series of samples in nn exhibit at Lahore, illustrating ike criminal 
methods of using the drug in Upper India. It included raw seek 
roasted seeds, essence of the seeds, and flour, sugar, and tobacco 
which hud been drugged with them. He states that this drug k nred 
by the thugs to stupefy their victims, and that it is derived from Imth 
the white and purple datura. For use as a poison the seeds are 


•T&cWtJtk noflirfl". t*L a 1* 331. 1700, 
• AatfrUrk Be*nir<b«. ,<J. (I, p. Isii, mu. 
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parched and reduced to a fine* powder which is easily mixed with 
various articles of food, tobacco, etc., and that an essence is prepared 
by distilling the seeds with water. 10 drops of which is sufficient to 
render a man insensible for two days. 1 * 

Seeds of the typical forms used as drugs in India have recently 
been secured for the writer by the Office of Foreign Seed and Plant 
Introduction, United States Department of Agriculture, It is pro¬ 
posed to grow them on the Arlington Farm, where the plant shown 
on plato 2 was propagated. This species, like our own Datura lira- 
moiu'utit, is a source of a valuable alkaloid identical in its effects 
with atropine. 

AMEIUOAX DATURAS ALLIJCP TO TIIT; METEL NUT. 

Datura innaxia Miller, Plato 3. Figure 4. 

m 

Hernandez, in his account of the medical plants of New Spain, 
describes a species of Datura of Eastern Mexico, having leaves 
clothed with soft hairy pubescence, which can be no other than the 
Datura innoj ui of Miller. Thb plant was sometimes called Xacas- 
rul } from tin* resemblance of its flattened seeds to a miniature human 
ear. It was also known as Tohatzin (**Inclined-head”) on account 
of its nodding capsules. The name toloatsdn, modified to the form 
u toloache,” came to tie applied to several dislinrt species of Datura. 
It lias been recently suggested that the name was primarily applied 
to an arborescent Datura with pendent flowers, commonly known 
us Floripondio; but this can not possibly be true, since all the 
arborescent Daturas have unarmed fruits* and the fruits of the 
Toloatzm arc described as spiny. Moreover, the Floripoudioe are ail 
of South American origin, and seldom produce fruit in Mexico. 
According to Hernandez's description, the plant called Nacazcul, or 
Toloutzin, is a kind of Jamestown weed (tlapittl) growing Lu the 
Province of Huesotzinco, now included in the State of Pueblo. It 
has spreading brandies, white woody roots, and ill-smelling softly 
btuty leaves, which Hernandez compared to those of a grapevine in 
form. Its fruit is gioljose and spiny, but at length it loses the spines, 
The seeds are of a yellow color and resemble those of a radish (semen 
est fulvum raphanino simile). This plant was common in waste 
places and in the fields of Pnhuatlan. It was highly esteemed bv the 
natives as a remedy for many complaints. The dry seeds, ground and 
mixed with pitch, were used in setting broken hones and were won¬ 
derfully efficient in curing sprains and iMocations, In n^ pj ; them 
the Indians applied feathers and bound the broken member with 
splints; then they took the patient to the i^taetcaBi^ or vapor baths, 
repeating the treatment as often as might be necessary. From the 


*&i Watt. Diet. Ecanom. PraJ. Jadl#, tnl, 3, p, it, 1990. 
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loaves of the plant an anodyne waa made and administered as a 
remedy for the pains of the whole body and also frir the a French 
sickness/’ A poultice, for external application, was also made of 
them, with the addition of yellow capsicum ; but warning was gi ren 
that an excessive amount be not administered lest the patient be 
adzed with mjidftOSS arid become the victim of u various and vain 
imaginations." 

In Antonio Reechrs edition of Hernandez (UBl) n note is ap¬ 
pended to the original description dating that Nacszoul is a species of 
t lapatL t>r I>;stiirs, wInch itsel f is a 11 ied t o Hyoscy anniB, The capsnle 
of thSs plant is apparently four-celled t hut when it nurtures it is found, 
to be really two-celled, each cell containing many seed embedded in a 
spongy substance as in Hyo&cyFtmus. 

It is this plant that Dunnl in I)e L’andollo's Prodrominj called Da- 
tura meM, in spite of the fnvi til at its slVm, according to his own de- 


script ion, .is densely pu¬ 
bescent or hairy 
* * * thus# pubes- 

ct nte Guhvtfloso”) i its 
leaves on both si lies 
densely pubescent, nod 
its enlyx sparsely soj 
features which separate 
it at once from the true 
Asiatic Datufii mat el 



b I*, the dark-colored 
form of which, called 
Dutra nigm by Rum. 
phiuSj Dtmal errone- 
tliT ously cites as a syuo- 
nym of the American 


FlO. E. — FraLt* ot thr Aslftlfc f^rfurn mrfrl L. amj t-Lifl 
A Ciii-Ii. iJiiuijJcp SlUl- t. 


species, while calling Enmphius's white-flowered but™. Lv Xees’s 
name, Datum alf.it, instead of by it- earlier and perfectly valid 
name. Datura »M established by Linnaeus in the first edition of Lk 
•Species Pkntarum. In figures the fruits of the two specif a« shown. 

OtOtilrjHQn, Tilt: JlAfJIC of TTIK AZTECS 


Datura mettJmdeg Dunnl. Plate .}, 
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clnsclv allied TK decolor, strongly suggests a morning-glory. (See 
pis. 5 and 5.) Like the XiicaicnJ (Datum iiiruteiu} above deserllMtl 
it was the source of u medicim: reputed to be efficadoufl in curino- the 
French sickness” and also for mending broken bones. Padre 
!>nhug U „ does not confuse it with a convolvulus, nor does lie state that 
thn pmm has ii twining hnfaik Ho describes it as fallows: 

i in-re an herb which is called coatl’CnioiihquI igreen mate weed! i r 
E>ro*ltin-a Ji s«n1 lsi 11*1 ..Mluhf/ui, w hich is Jmmlcutltn: nmJ maiMcuint This t, 
uclnifni stored la potion* in onli-r to ha™ those who at* the object* ef hatred 
Ttoee wh., cat It hiire vlrtom, of terrible things. Wkerda OT ponwus who trtJb 
" fnjuto gome one mtmjnlfiter U in tomj or drink. The herb has medicinal 

part^aftected. ** f ° r ® SlJt lts ! ‘ J?c,bl r|rc (rr,>ltn| l up uiwl applied to the 

Hernando who received most of his information from the Indians, 
although erroneously figuring this plant as an Ipomoea, states that 
the priests of the Indians when they wished to hold converse with 
spirits and recurve respond fmm then, ate of it in order to throw 
tbemsdves into a frenzy and to see * thousand phantasms revealed 
and presented to them, as in the case of Sotarmm mariacum of Dios- 
rond^ w Lth winch this plant m igfu possibly be identified. I b adds * 
It will not he a great mistake Ui omit Idling where U paws, and it 
mporu imie that this herb be here depicted or that it should even 

beofpiiii' Kin>wn to .Spanmi vls, ” 

J r T th ° ^idemeut il W(iUl(1 W H^nande, was 

“ * wT ' ^ In ih «* ^ Ololiuhqui, ami he did 

not ish ^Identity to bo discovered. An ini, nesting description of 

Tacinr th * Aztec Prints, or } ,aynt, Ls given bv 

fW# 6 ** nxaaat, polished "< Onrumentos ineditffi 
para In Hintona de Espana, volume 104, page 1(13, follows; 

5™" " D l» r "«*l«B repmilaif n lentll-llie ^ which they 

?** y *»*"***. «ru as the origin of iaRnniS 

5£ n ‘Iu tIT T T tC ,r' 1 Sg flbmdln * ** *** *SUrf to witch- 
r.. IN on]tr to rtJhM d-.ubt* wgrirdlng this HIM] ul*„ for other im™** tbev 

have recant* to these herbs thrown the mod]oat ef Mivlr 

T! fr f 'm U | tl r n rIl ‘ kJB *’ lvf ' l v r<1 *' 11 ' l,elr 11 Tile in rv,n w |, „ j irn etJ , 

J““ offln: Is calk,] p 9tf „f, which tdaalflr* the drinker .,f „ p Drw ^2™ 

Kkittfal in Els *£T* ^VfT 1 *“* lf lhl “ "««"* man k not vjy 

il 1 " ,r hft ,0 the tmubk- whS 

” tlllfU, t " ' v,:,uld ™». thcr idrise the *kk to drlak thetn 

er thw- In quest ef lost objects who to dl*o^r where th,.« thla« a Tl 
la wlnwe tKWfesalon thej mu,- be. 1 " aK * arv of 

Thnse k«J*, especially the otoHvh^l, they hold In as great revervt.ee 6S 

tZZt ¥ Z 7 <!,MK r,Uml ^ T C “ n,5leS h ' ,fure Ull!l ^l’ 1 ^ li -man 

t» flf k. S e,. .wnresslv toade for this purpose; ami ihev Mcf|(fclftJ 
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olTf-rlnc^ Ut i bsHu m the altnrs o t their urmorLca or mi the meopLee over thorn 
ur Sn other turret places In their hotiM, so that when a ifesri.il ti made for tfaim 
they can not easily be discovered; or they may plpce them between tto 
iVhWWifcpj of their .nnepstorB, which they leave to guard them or* It were* 
i-bnZued to them. And all this they do with tilth respect ami nrremica that 
when those who bee* tliiiv need Lu their posse^luo are arrested or a ns asiced 
fur the paraphernalia with which they pettom the ceremony of thbs drink, such 
ns the JtttWwtfliflA or IStUe- gawds said cope wed to hold U. or for the seeds 
ttoHtiehga they protest most vehemently that they hart no knowtolge of the 
matter whatever, mil eo much from fair of the Judge* before whotd they afe 
nmtpiftl Hjs f w r the reverence they feel for the aatired objects* which they do 
not wish to adnmt by a public doiJiLitiBtrntion of the cemkmlal nse of them, 
the burning of the seed?* ete + 

CEREMONIAL USE OF DATURA M3G3TBLOIDES BY THE ZUXl INDIANS, 

It is interesting to note tbnt the YfLcration of the narcotic Ola- 
liuhqui extended far to the northward and was common to the 
Indians of Kew Mexico and certain tribes of California. Mr= 
MntUda Coxe Stevenson* in the Thirtieth Annual Rcjiort of the 
Bureau of American Ethnology, gives an account of this plant, held 
sacred by the Zufii Indians, among whom the following legend is 
current: 

Tn ibs> fildco Lime a toy qnd a girl, brother and sister sthe toy's no me wna 
A’n^lnkyq null the glrTto nmne A'oeglikyatel'tBa), lived In cto ini frier of rhe 
<?orrh, hut they offced came to the octer world imd walked utotii a iirtnl: den!, 
observing closely everything they *aw a nil hoard and repenting all to their 
mrplher- Tbit* cOMtant talking did tint please the Divine Ones ( twin wm of 
the Bun Fatherh On meeting the boy nrnl the girl the Divine Onea asked, 
w How nn> yonT 1 ami thebrother and sister nuswornl, 4H We lire happy/ 1 (Sumo 
times A 4 nc^tihya and A'acglftkyn tartan eppestred on the earth iu? old people.) 
They told the Divine Ones bow they eon Id make one sle^p and^ee ghosts, and 
hew they could nulr one walk stout a little and nec one who had Committed 
ttofL After this meotiOE the Divine Ones eoaeluduil I tot A r n*tf&kjm and 
A-ftHtlnkyatsl'tsa 1mew too mnrh nod that they should to bnntoicd for all 
tliTio from till* world: «* the Divine One* canned tto brother aful stater to dis- 
aptn-Eir Intip the enrtta forever. Flowers apriing tip at the fihu where the twf» 
iks*’ettd 4 i d—dowers exactly likv thaw wbteb they wore on eaeh si tie of tlielr 
head* when vlidiinp the earth.* The Divine Ones railed the pin til 11 h'neElafcyiC 
rafter the boy's iwtne- Tim or lid rm l plant tm* many children scattered over the 
earth: ssim? of the hlaaaoms are tinged with yellow* seme with blue* acme with 
red. §ok£? are all iMtd—the colon belonging to the four cardinal points 

The medicine of the Datum is sometimes culled uTeuweko'hanna_ 

u flowers white/" 


»T\*H u rffnwu o04 Id Kafil and la Ottor pa*t4« by iaSi-rtacl&g ymmrn 

htnacMl I to dpfCcv*fid truit of Vurfjmui JanUUm* MllE p whkh 1« nilftnlUMl t® a lather band 
flroatwl tto NtjiiJ. Oa tto Ut 9 HihI b ro-TufrC Ly Un< bi^airi of |j N . 

Eoatilra Pi^nrtnfl the flow-r, Tbla bt*«ldjnriM In worn by woen^a la tb* dann. fttudcrtli 
ton It u nymtoUilaE thfr *qafiush h4^Km + an rrtbr Mlf too pleatfag ^ 

StuflL iu Ito bSu^Kitu Of the Earnr® O mo«t «crid to them. 



DATUHAS—SAFFOm 


553 




Tn the accompanying ill list rat ion (fig* * 6) the Wangled corolla of 
Datum m&iet&tdev is shown, together with the 5-angled Datum m+.t-al 
of the Old World* 

The use of Datum metiloidt* appears to have been widely spread 
throughout the southwestern United Stales. Miss Alice Eastwood, 
while exploring in southwestern Utah, came upon an abundance 
of its seeds and seed Inals u in the ruins of the ancient people who 
once filled this land, and guarded every spring with towers of 
atone/* si Stephen 
Powers found the 
same species used 
us an intoxicant 
a n d hypnotic by 
the priests and wiz¬ 
ards of the Ynkutft 
Indians living on 
the banks of the 
Tule River and 
Lake Title. Califor¬ 
nia;” and the late 
Edward Palmer, 
who also encoun¬ 
tered it in Califor¬ 
nia, slutes that cer¬ 
tain tribes in that 
State gave it to 
their young women, 
to stiraulnte them 
in dancing* He Etbo 
states that an ex¬ 
tract from its root 
is used as an intoxi¬ 
cant hy Pai Utes, 3 * 

Other authorities 
descrdie its use by 
the Marip*j&a Indians of California, including the Noches and 
Yakuts, already mentioned, in the ceremonial initiation of their 
youths into manhood; und the custom of the medicine men of the 
HuLilpais, or Walapais. to utter oracubr prophecies while intoxi¬ 
cated by it. J * 

That this species should have been classed by the Aztecs with the 
Cnnvojvulaceae, or morning-gloria, is not at all surprising. In a 
recent article, by Willard N. Clute. published in the American 
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Botanist, it is described and figured under the niune of the ‘'desert 
trumpet flower,” mid the author describee it flustering along the 
mesa on the morning of a snake dance performed at Will pi, milling 
its perfume, like incense, to the religious ceremonial of the Hopi 
In din ns. The tin iv erg, like many of the Convulvulnceae. open at 
a certain hour of the day* They, and also the seed, bear a close 
resemblance to those of llie Old World Datura unti l-, which was 
likened by Christen'id Acosta to a convolvulus called in Spain 
“corregueU mayor/ 4 with trumpet-shaped Cowers and seeds like 
lentils. 5 * 

In gathering the plant for ceremonial or medicinal purposes it La 
treated with great deference by the Luiseno Indians, who observe 
preliminary ceremonies, recalling the customs of certain Mexican 
tribes in gathering the narcotic peyote ^ and those of European herb 
gatherers of the Middle Ages in connection with the dreaded mnn- 
drugom. Before beginning to dig it up the medicine man addresses 
the plant somewhat as follows: ‘’1 have come to get you, but not 
without a purpose. You were placed as medicine, and it is for medi¬ 
cine that 1 seek you. Be not humiliated, oh powerful one,” 54 

According to Dr. John P, Harrington, of the Bureau of American 
Ethnology, the uses of lids plant in religious ceremonies and in medi¬ 
cine were quite distinct in the minds of the Indians. After having 
partaken of it ceremonially a man not infrequently would remain 
under its influence for two days, during which he was left to himself. 
On regaining consciousness he was given warm water to drink and 
toward nightfall some at oh, or gruel. Among the visions experienced 
by him while under the Influence of the narcotic might perhaps be 
that of some particular animal or plant, which was not infrequently 
adopted as a supernatural helper or familiar spirit to accompany him 
through life and render him aid in times of doubt or trouble. For 
» month after having partaken of the drug it was customary for him 
not to go to bathe or to cat meat or fat nod during this period the 
society of human beings was avoided and solitude was sought among 
the bills. The winter season was chosen for the administration of the 
drug; it was supposed to be injurious if taken in warm weather; even 
in April the time for drinking it had passed. 

INITIATOR V CEREMONIAL OF THE LUISKRO INDIAN'S. 

The use of Datura metefotde* among the Indians of southern Cali¬ 
fornia recalls the huskimawbig ritual of the Virginia Indians 
described below. The following account is hosed upon a description 
of the ceremony, given by Lucario Cuevish to Miss Constance God- 

■ChflitUfil U* Tmclaild rj» lu ilrogu f mnllHim df lu Zodlmn OtlfDtAlu, t>n , 
flT, iflSJi 

»FW flSmU*r tpOw He j^mrtlcw3 by tbo Indium yf Ht-tic* \ n ™ tt±ne 

ifcwrq Itt- ami iathrrhw fiarwtle Jifitf iiHliritiij (daihii, **? ftulfnnj. K, \i « . 
Sfirvoliv ticjiJk'pAfni Wtiltctmail}* Jonrn, of EStt^iir. yoL ^ pp, 291-314, jg 
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dord Dubois, who, after describing the beautiful large flowers, open¬ 
ing toward evening and dosing the next morning, speaks of the wide 
range of the plant in the southwestern United Slates and Mmco. 
Instead of tlie seeds it is the root of the plant which is used by these 
Indians as n narcotic* 

The plant itself is called by the Lubeftos Naktamwhy or Nakto- 
mtvih ; the ceremony is known as the mam or When it 

grows dark the musters nf the ceremony* called psAtf, go from house to 
house to collect the candidates for initiation, sometimes carrying in 
their anus lit! 1 b hoys who have already fallen to sleep to the place of 
assembly. "Die strictest silence is observed* and it is necessary that the 
ptiha be u shaman, or wizard skilled in magic. A large fam;nt*h, or 
stone bowl, is pin red before the chief, who, sitting in the darkness, 
pounds with a £tnne mam t ar pestle, tlus dry scraped root of the plant, 
to the accompaniment of a weird chant* while the boy* at mid waiting* 
The powdered root is then passed through a basket-sieve hack into 
the stone bowl and water is poured upon it. The boy* are enjoined to 
keep silence. As each boy kneed* in turn lie fore- the big bowl to drink 
the infusion, his head is supported by the band of the master of cere¬ 
monies, who raises it when enough has been taken. Ir is a solemn oc¬ 
casion* a spiritual rebirth, suggesting the rites of baptism or confirma¬ 
tion. During the entire ceremony both the men and the boys are 
quite nil do. When the drink has been administered to all the can di¬ 
ctates, dances lire performed in the darkness, accompanied by cries 
in imitation of birds and beasts; and when these an? finished the can¬ 
didates ure marched round a fire* chanting a ceremonial song. As the 
effects of the narcotic plant overcome them, one by one they fall to 
the ground and arc carried to another place and left until they re¬ 
gain consciousness .liter this the dancing Is remtmed and kept up 
through the entire night. At day light they return to the place where 
the drink was administered, nnd after a clay of fasting they witness 
feats of magic performed by the shamans, from whom, after having 
been dressed in feathers and painted, they receive wonder-working 
sticks. The boys are also instnictod by their elders in certain mys¬ 
teries and rule* of conduct, somewhat eorresjKmding to one's dudes 
toward tied and to one's neighbor, as taught in the catechism. The 
initiatory ceremony is followed by two or three weeks of abstinence 
from salt tmd meet, after which a ceremony with a rope* called umkfue* 
wnt, is performed* When this is finished the candidates are free* 

DATURA DISCOLOR OF THE SOUTH WESTiSItS UNITED STATES* 

Plate 51 

Closely til lied to Datura but differing from it in the 

si ze and color of its flowers and seeds, is Datum rIij?coJ&r TCernL, a 
species, to which very little attention has been paid, and which has 
commonly been confuted in herbaria with other species from which 
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it is easily distinguished. Us most striking diamcteristie is the black 
color of the seeds and the violet-striped throat of the flaring IQ-toothed 
trunk pel shaped corolla. (See pL 5.) Mr. 0, E, Cook, in his field 
notes of 1016, records this species as occurring, together with Datum 
metel&id$8 t in irrigated fields of n Fkau village called San tan. In 
comparing the two speeifcB he notes that Datum dktolor I ms smaller 
flowers* with a ear rower corolla tube and a more abruptly expanded 
trumpet-shaped, rather than funnel shaped, limb, and the throat of 
the corolla longitudinally striped with violet-colored lines. The 

calyx tube is prominently angled 
or priflouitic in form* drying back 
nearly to the base soon after 
flowering, and leaving the base it¬ 
self to expand, very much as in 
the rase of IK meitetmdm, The 
nodding capsule (fig*7) has longer 
spines finely pubescent when 
young. The fruit is fleshy at first, 
although not so juicy as in D. 
fmt^loidcs^ at length becoming 
brittle and dry, but never ban! 
and woody as ia Datura straw id- 
mum r The seeds are black, os 
stated above, not light brown eus in 
A me fr hides, and they are smaller 
than in the hitter species. The 
fresh foliage of D m rfkc&for has 
Fla, 7.— Balum (Hsrafar Urriin., ibowifl* only 0 trace of the pleasant odor 

HodfllBg fmll hjmI Muck iwdtt, * * ® i ,, , , ; , j 

gi^en off by the seeds and bruised 
tisanes of l>. meteloidw. This odor is not the fragrance of the 
flowers, nor the nauseous smell of the Jamestown weed, but a pleasant 
odor suggesting parched sesame or other seeds rich in oil. It is 
easy to believe that this pleasant Davor was attractive to primitive 
seed enters, who were thus led to ex[wricneo the intoxication of 
Datura, « mysterious effect which caused people in many parts of 
the world to attribute to related plants a supernatural power, mak¬ 
ing them “as gofte, 1 * able to confer at will with spirits, At Bard. 
California, un the Yuma Reclamation Project, Datura metdoidet is 
rare, and the smaller-flowered Datum di&eohr abundant. 


THE JAMESTOWN WEED AKD ITS ALLIES. 

Plate il 

HttmindcE, in his great work oh the products of New Spain, already 
referred to, gives un account of Datura jttnimemhtm under the head¬ 
ing A T fa putt: <StrawwniOi ucconjpimied by an il lustration rather 
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crude, but sufficiently accurate for its identification. Both wliite- 
flowernd and purple-flowered forms of lids species occur in Mexico as 
well as in the ("nited States, the .purple flowered usually called 
"Datum tatvla” but not differing specifically from the white-flow¬ 
ered, to which they bear the same relation as the colored forms of the 
oriental Datura metd to thn typical white form. The species varies 
also in the form of its capsules. Hies© differ from the nodding cap¬ 
sules of Datum metd and its allies in being erect and in regularly de¬ 
hiscing when mature (see pt, fi); they are spiny in the typical form, 
hut unarmed in tlm variety which has boon called Datuminermin (fig. 
8). It seems strange that botanists should hove attributed the whitr- 
flowered form to Europe and the'colored form of the same species to 
America. Linnaeus in establishing the species declared it to be 
American, Observations on growing 
plants show that both the white-flowered 
and the purple-flowered forms may boar 
either smooth or prickly capsules, and 
that of the antagonistic color characters 
the purple is the dominant and the white- 
flowered the recessive form, (See Joitrn. 

Heredity 12:184. 1921.) 

OTiiorx of Tirn name Jamestown 

WEED. 

The narcotic properties of Datura sirs- 
mo niton were known to mi r own southern 
Indians us well as to the Mexicans, Her¬ 
nandez calls attention to the fact that its 
fruit causes insanity if eaten incautiously. 

That this is true is shown by the follow¬ 
ing anecdote taken from Hubert Bov- 
crly’s History and Present State of Virginia, in his account “Of 
the wild fruits of the country.” It appears that the soldiers 
sent to Jamestown to quell the uprising known as Bacon’s Hebellion 
(1CBJ) gathered young plants of this aperies and cooked it as a pot 
herb, possibly mistaking it, owing to the shop© of its leaves, for a 
solaimceous pot herb or perhaps learning of its narcotic effects from 
the Indians of that region, who used it as a ceremonial Intoxicant. 
His account is as follows: 

The Jamrs-Towti Weed i which tallies the Thorny Apple of Peru, and I 
take It to be the Plant so colFd) is (opposed to he one of the srsatest Coolers tn 
the World. TWfl lifting no enriy Pin at. was pither'il ref} 1 yattnjt for a boll'll 
salad, by some of the staidler,® sent thither, to pnclBe the troubles of fi>ny>H; 
and some of them eat pleat Ifni ly of it, the Effect of which was a very pleasant 
Comply; for they turn'll natural Foals upnii It for severe] Days; One would 
hlcvw up a Feather Iti the Atr; anotherwou'd dart fitrnwH at It with much Fury; 
and another stark raked was sitting up in a Corner, tike U Molt key, trrliuiliig 
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and making Mott* ni them; n Fourth wnuhl fDfitlljr kls* and paw Mb Com* 
panJffUf, nrui Hin-iir :ti their Fntea, wit it n C''itntCUSUCft more nut h it, than any 
In u fUitt'h f}rXilt. in lliL< frantlck Condition they. eotdbtadt test they 
should In their Folly ditftnoy thomscJTLr* ; rhouRh it wn* uiwrvetl, that oil their 
Action? were full of fnjmtvnw and good Natan-. MiiwL they wort not very 
dtffltily ; fi>r ihvy would huve wallow'd In their own Excrements* If they Isntl 
in it been prevented. A TluttMiu) Bttch simple Tricks they playTL and *fl« 
KU ■ ' ii Days, return'd t.hfmiK'lves u-:i:h, put rcmembring anything tlifit lunl 
lipmW 


HUSKANAWINd CEBEMONY DF TTTE YTTtGTNlA INDIANS, 

In the eastern United States the Algonquins and other tribes of 
Indians practiced n «cnrmnny comp&rabk with that of the California 
Indians ulmicly dcyrrihetl, in ini tinting their boys into the dignity of 
manhood In the ritual m frit us tatting medic be {tryMCwm) was 
administered to the rjmdulateSi the principal ingredient of which was 
undoubtedly Datura jfraiiummju* The following account of this 
is given by Beverly in his History of Virginia; 

Tito salovnnlty of totiskiinuwlug Lh cummnolj prartteed every fourteen 
or filrtcen jtiars, or nf toner, tfjelr ymatii: man htipfieu tn grmv tttK It l? nil 
Irjjidtutloa or discipline which nil joun-jr men must pass In if kin.- they can bo 
admitted to t*e of iha number of the ^renc nsen F officers* or c^dEarnusissT of the 
nation; \vhemt*„ by CupL Smith’* relation, they wi-re only K*t apart to supply 
the prlosttie^L The whale ceremony of bnukamivTlLg In performed After the 
following manner : 

The choicest and hrlHfcest young men of the town, and meb only a* haw 
acquired some irotmure hy their travels and hunting, are ehosen our toy the 
rulers to* he hurtmuiLWfi; nnJ wlmever refills. pj undergo ttihs prtk-esrt thm# 
not remain among tiu'iu. Rove-mi of iliosn odd preparatory tapper le* n ro 
premised in the beginning which Smve been before re! at ml; hut the piliiciiml 
part of tho buailTtess Is, tn curry them into fhe wood?, ami there keep them 
under nmflncaieub nml destitute of nil K^dely for several months* giving them 
no other susteanurc tout the Infusion, or deinu tlon, of some poLhouo^ Snfnsl- 
cfitlng refit*; by virtue of which pilule, find toy the .-*verity of the dlselptlo? 
whii-li they nndergri, Unsy hee^mo ptarfe, staring mud; tn wbkb mving 
(‘cndldoii, they k..-|d el^hl^a nr twenty days. During thew exlreml- 
tle^. they ore shut np P ukht ami day. In a etrrms Intli^tm, tmule on 
purpose; one of whleb 1 saw lielonging to llic i'EUimnkj- Iudln»4 r la the year 
ICS 1 !. It wuh tn shape like :i bucht brif. mud every way opra like a lattice for 
lh* ^ lr w dirough. Id this cage, tliirteoa young rnen baEl been hnskmaiwcd, 
tixul ton*l not hotel u month set at Uherfy o.hun I aa w it. Upon this nmuloiL ll 
i-i pretentoi thar line poor creattin^ dric.k ho much of that water or Lei he, 
tSial l tsey ^rfeetly l-e the remEWilirance or alt former ibEngs. even of their 
pao-tUH, itH lr im^uiv. ami their kEimiag& When the dwtorn find that they 
hnvc drunk ^itfSkSemriy of the wysociran (u they enli thU mini puthmi. the^- 
gndually fwiora mem to their senses agtiin. hy k^Hvidac the inu^ealloti of 
tln.dr <3let; but hufare they nte perfe- lly well, they bring them into their twos, 
whU^ they are stni wild uu.1 eruay. ihraugh Ihe vk.Wi-v of the aie4ldu& After 
tlilH they DP? very fciLrftLl Of dlftcorarlng anything of their funner remem- 
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bruce; for If mith n thifig ^nnM tmppen ta ntij of thcm t they nrasi |m^ 
diaiel* be huokau&wed ftfftiji; imU tbu second time, th-t> n?nj:cj Jh bo s^vorp, that 
Mili>Jii cme ew&pd tlIUi life. Thus they um-it pretend u> have forgot tbe 
Vf^ry Ofle nf their tnnfniEfl, jw n* rmi to 1 m* able to speak, nor tuulcmand ojoyihjne 
Ujat is frp^feon, till tliov learn It ufffllo, Now, wlnstlier tills- ta- rruj i*r enunter- 
fell, 1 flen't know; but certain It 10* ttint they will not for eomo time mkti 
node* of nny txH|y p nor anythin]? with which they were hufore acguulutecl, 
ln'lng still umler the foAml of their keeper^ who raustautly wait upon ih?m 
eveij wligjte till they Ilelvu learaf all tilings penffotij over itgnLiu Thus they 
Unlive their former lives, and oommen-ne mt<Tj h\ forfettln^ that they nor 
have N*eu buys.* 

The tfameatowu weed and its dose allies form a distinct group 
differing from all other Daturas in having ejvct capsules which split 
open regularly into four parts, ns shown on pklo 6. They vary con¬ 
siderably in the color of the stems and flowers and in the thorniness 
of the capsules. Specimens of the 44 thorny Apple of Peru/ 1 wore 
grown from seed collected by Dr. J. N\ Bose in South America. The 
plants grew vigorously at Washington, bu t 
the flowers were smaller than in our own 
Datura with the purple- 

flowered form of which (Datura sfmnw- 
nium tatuU) it proved botanieaUy iden¬ 
tical* The smooth-fruited fom h m been 
separated from the typo under the name 
Datum Ira^/mfrj but both the spiny und 
the smooth forms shown in figure S grew 
from seeds of the same plant. Attention 
is called to the form of the corolla, as 
shown in figure 8 t the teeth of winch are 
separated by distinct sinuses, or notches, 
while in the sacred Datura of the Zunis, 
sliown in figure Gb* the corolla teeth alternate with salient obtuse 
angles, which in the smaller-flowered Datura discolor (pi, 5) are 
tipped with points giving the flowers the appearance of 10-pointed 
morning glories. Humboldt and Bonplrmd collected a dwarf oak¬ 
leaved Datura (fig T 0) in Mexico, winch was described under the 
name of Datum qu^rdfolia. This species is frequently confused 
with Datura discolor mentioned above, but is readily distinguished 
from that species by its patched live-toothed corolla a ml its erect seed 
pods. Another closely allied Mexican species of this group is Datum 
tHIgsq fernald, characterised hy hairy branches, petioles, and calyx. 

AQUATIC TOUNA*XOOA OF MEXICO, 

Figure 10, 

This plant, described in IflOO by Ortega from a specimen of Mexi¬ 
can origin growing in the Koval Botanical Garden at Mudtid. ha.^ 



Fin. ft.—Tie Jawi'i- 

r (iWTI wivd. JOrtliifu ffur/rf- 
/elia 3L R. K. 


* Robert H*T^r1j. History «f Villi Rift, p[>. 102-103, 1&GS. 
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marked narcotic j import a es, on Account of which it is called by the 
McxicinsTorna-loca ("maddening weed”). By the ancient Asteefi, 
who held il au'ired, it was called Skier of the OloHtihqtii (Datura 
nwtrfttifoa)* It was also called Atliliuin a name applied to several 
other water plants. In treating certain maladies their priests ad- 
dressed toll the following prayer: 




1 invoke tlii*, toy mother, tJioli of the prccUws Wafers: Who f* Uie £od f «r 
who the ho poirerfut one flint wishes to cteetruy and coiwirac my endmntnidal 1 

Jva l Ctmie thorn Sluter *it ii*c Orem 
IVo/aaii O/o^in^uh of her whopi l mu 
about to go and ItN&ve In the seven 
euvea, where the green pain, the htriwu 
pain, will cwhhiiI ip*elf, Go mid Htruke 
with thy bonds the emtalla of the |hw- 
saaed otic, that thou mayst prove thy 
might and fall net fuhi Ignominy* * 


THCOMAXOCHXXL OF THE AZTOO& 


Closely allied to the genus Da¬ 
tura nre the dim King ScJnndras 
of tropical and subtropical Amer¬ 
ica, one of which was figured hy 
Hernandez under the name Tee**- 
maiocltitl-^ Plants of this genus 
contain a midriatic alkaloid which 
was named solandrine by Petrie 
(1907) and nor-hyoscyamiiic by 
Carr and Keyncdds {1012). 31 The 
investigation which led to its dis¬ 
covery was the result of the effects 


Fm, to. The jqtHih-Tonid lew, tim*m of the Sup of Soi/nutra tonviffora 

emirocfl«r4 OtlfjiB, M *„ „ , , , , / 

accidentally squirted into the eyes 
of- a gardener while pruning a hedge of it, musing the pupils to be 
intensely diluted, as in.the effects of atropine. 

Plate ~ is a photograph of BuVrntim hartwegii N. F, Brown, grown 
in one of the (loverument conservatories at WushingtoiL The 
flowers of this species resemble in form the angel's trumpet {Dahint 
Miave , and are not contracted at the throat as In Hernandos 
figure, or in Sotenthv hfu/iftora. From the bi ter they also differ in 
color, the corolla at length looming yellow with a purple medium 


-Jointe d* 1« Siru, "llwn,! * uinirtrm imt* ol cottOUnlKiilo d e id*1mrtR, t 
rttlrwrtoa to In tHmww&ie. rart li Elliiorh « ESpqHa, 1W , pp. 

-It^raaEdrt, fltf. tft,. |i. 4 Q!S. I«»t. 

Svttir ‘ 3 “■■ a mr mfrtrijiti* al\*hW p^r. Llnti Kw rtF 

.SfiLith Wntdi. VJJ| T P 1LMI7 ; Li.l.l. "Ths V'*utt*n** pf nftr^jna^i W | H& t B ^i ftnrlril 
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stripe on each and the stamens with pale yellow filaments and 
purplish ntithere. The purple-petioled deep green leaves are leathery 
and glossy, differing from those of the closely allied Eatandm guttata 
Don in l^eing perfectly glabrous on both faces, instead of velvety. 

The Mexican Teeam&zeekifl is described by Hernandez as having 
leaves resembling those of a kroon, large flowers yellow on the out¬ 
side, purple within, and white stamens. There are other species of 
Teeomaxochitl, he adds, with flowers entirely yellow and with smaller 
and more arum mate leaves. The flowers, which have the fragrance 
of lilic3 t were held in high esteem by the Aztec chiefs and were planted 
and cultivated with great care in their pleasure gardens.” Accord¬ 
ing to S&sfi. and Marino the water contained in the unopened flower 
buds was reputed by the Indians to fcie efficacious as a remedy for 
certain affections of the eyes, 

NARrOTIC TREE DATURAS OF SOUTH AMERICA. 

The tree <1 at Tims of South America, called Campanil! A3< or Flori- 
pondioSf by the Spanish-Americans, have been segregated by ceil a in 
botanists as li distinct genus, under the name Bnigmausin 51 and 
Psaudodatura. 14 Brugmojutia Candida^ the type of this group, ig a 
synonym not of Datum arborm Linnaeus (pis, S and 0), but of Ba* 
tura arborea Ruiz and Pa von (fig, II) t which is specifically distinct 
from the former nnd which, according to the rules of priority must 
take the name Datura randUktf* Among the travelers ami explorers 
who have called attention to the narcotic properties of these plants 
are de la Condamine, Humboldt and Boapland. and Tsehudh 

M. do la Condomme^ while exploring tlie headwaters of the Rio 
Moration in 1743, observed the use of a floripondio as a narcotic by 
the Oxnagim Indians inhabiting its banks. This plant he referred to 
Batura (trb&rt a* a species based by Linnaeus on a plant first described 
hy Pere FettilMe. Very closely allied to the latter is Datura romigtra 
Hooker, a species with the calyx terminating in a hornlike point. 
Datum GCtodida has very much larger flowers, with the principal 
nerves of the corolla terminating in long taillike appendages between 
which the margin is entire or rounded, and not cordate or notched. 
Its Fruit, moreover, according to Ruiz and Payor (see fig. 11 ) t has 
at its base the persistent husk like calyx, while in the true Datura 
arhorea the calyx falls off with the corolla and the fruit is round 
and peachlike (pi, 9), In addition to the aperies of this group al- 

E Huniiinln, «J- V*tr. f voL I* pp. 290, 2St P 17B0. 

M PtTiwa, Sjn 1(1 wL 1. p, 2lfl p 1805; Liteprhelni, 0 M WonPtTiipbL* drr f^mdorlnBUclica 
Atttn di fc r OaftuB^ UrciifEna Bite Per* XS&5. 

** Via 71 j p, C.. KHlQDlrkfSadlf TlJri^rUrlfi rmr Nrd. Indie,, rnl, SO, pp, 2+-2S, 1520 

- fev Sifforri. W, II. A my* inpuiA of tbr id Dnturrt. Joura, WAih. Atari. SfcL. vcL U. 
p. 1SX 102 L H** lonrtiaJ of HrrcdltJ (Wh* hin^tup to 3. 12, lOfil. 
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readj mentioned. several others, closely allied to “Datum arbor fa, 
hiivo been described, including Datura aurea bagcrlielm, which bourn 
beautiful golden-yellow flowers: Datum doUchacnrpa (Lagerh.) and 
lh uertricolor (Lagerh.), which have very long and slender fruits; 
Datum sun vcok m JL it ft,, distinguished by its inflated five-toothed 
calyx and its coherent anthers, which has a spindle-shaped fruit (fig. 
Id); urn! Datum pit f ieri SaJIord, a Colombian species, with narrowly 
oblong fruit (pi. 10). l>itiering from the spe- 
ties mentioned above in their narrower corolla 
and short ini luted calyx and abo in their fruits, 
which have u persistent husklike calyx about 
the buse T arc two red-flowered daturas, one of 
which with entire upper leaves was described 
by Ruiz and l’nvon under the name Datum 
Hauffuuut!, while the other, with the up jut 
leaves coarsely toothed and densely velvety, 
has hecn recently segregated by the writer 
under the name Datura ro*ei. Still another re¬ 
cently described red-flowered species. Datura 
rubella Salford, is readily distinguished from 
the preceding by ihu long caudate apex of its 
calyx. 1 

DATURA SCAVEOLENS, TIIK ANGEL'S 
TltUltPETT. 

Plate 13. 

The tree datum most commonly cultivated 
in conservatories is Datura suavcohsm, a spe¬ 
cies often miscalled D. arborm. As stated 
above it can readily be distinguished by its co¬ 
herent anthers and by its much inflated calyx, 
which never ends in a point but has several 
terminal teeth. Its chief distinction front D<i- 
tura Candida and D, arborea is the form of its 
fn| it, which is spimile-shaped. (Fig. 12 .} 

This is the w flear trompette " of the French Antilles. It is widely 
cultivated in the West Indies, Willdenow attributes its origin to 
Mexico, but all the herbarium specimens of tree daturas from Mexico 
seen by the writer belong to the species Datura Candida {Datum 
arborea R- 4 P., nut D. arborea L,), Fruiting specimens in the 
United States National Herbarium were collected in the Province of 
Minas { »oriu*, Brazil, by Bepcll Thai thi$ species seldom pro¬ 
duces fruit in cultivation is in all probability cine to the absence of 
the humming bird* or sphingoid moths by which it is pollinated in 
ite natural habitat. 


Fin, 12-—FpJDtTl* - 

fnilt of Lite PfiulllaB 
liitlitrn Ml fltCO ferny. 
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1*ATI UA SA^GUTNEA, THE SACKED NARCOTIC OF TUE TEMPLE OF 

THE SUN. 

Platen 12 and 1& 

Humboldt :i EL-1 iWphtnd give an account of the use of it reddish- 
flowered Datura by the priests of the Temple of the Bun at Sagu- 
riHiza. situated in the interior of what is now the Republic of Co¬ 
lombia. The narcotic prepared from it, locally called tonga* was 
declared by the natives of that region to lie more efficacious than that 
prepared from (he whitedJowered Daturas. The following account 
of its use is given by Tschudi, who found it grow ing in the Peruvian 
Andes aijOTO the village of Mutucaims: 

The Imliims believe that l>y cErEoking the Longa they are brought imo erun- 
cunncfltien with the ^Erics of their forefathers* t once had :m ojrporttmity of 
ob.servlmr tkti Italian under tin- inflneiiLt! of Hits drink, Shrunk after bavins 
swullow^d the beverage he feii Into & henvy ttdpor; be hue with hts eyes 
vacantly fljcetl m she ground, Mh mouth coovTulfllvely etoied* and Ms nostrils 
dJtatedk In the eouree nt nhrmt u quarter of an h»ur his eyes be^au tn roll, 
foam Iwed from Ids liatf-epeued llp^ anti his whole body was agitated by 
frightful rouvulsien^ TjSostr violent symptoms having nubalded, n profoimil 
sleep of BGVLful hours snceeediM. In the evoulngr 1 again saw this Indian. He 
wan rdatLng fa si rind® Of attentive Uriel iL-rs the particular* uf hte vision. diir- 
Slut which he alleged he hud held eommsinSaidon with tiie spirits of Ms fora- 
fSathaia; Me appeared very w«?ak hjwI evbnasteeL 
In former tltnes the Indian unrccr^rs when they pretended to transport 
ibefnaelvgA into the pr'CFonoe of their deities drunk (he juice of the thorn-apple 
In order to work thctnuclvo* iutu n state nf ecstasy* Thonph the esiabll^hiiieot 
u£ Christianity bus wefiBud the Indians from theIr Idolatry, yet It hits not 
bn niched Their old sniHfatlHoiia They st!U believe that they rain hold com- 
mantcatlooj with the spirits of their auditors* uud that thoy can obtain from 
thorn a flue to the treasure* cnEHraltd In the humm or graves; hence the In¬ 
dian name of the thorn-apple—buacacadiih or grave plnnh 

Closely allied to Datura mnguinea Utii^ & Pavoii* which Doctor 
Kosc collected near Ambntc. Ecuador, Is a sprcics with equally nar¬ 
row corolla, hut easily distinguished from that aperies by the dense 
soft hairs clothing its coarsely toothed leaves (fig, 13), younger 
branches and pedimdea Doctor Pose collected it in ID IS, in the 
vicinity of Cuni be, Ecuador, noting that the flowers were of u saffron 
yellow colon It is undoubtedly identical with the plant which 
Lmdtoy figured under the n o mo Brugmamia bic&t&r ( Bot . Reg. 20, 
t + 173®, 1834), believing it to be the plant so called by Persoon 
(Bynops., I, 213. 1800), The latter, however, is a synonym of the 
true £>* mnpuinta, and is a pubescent (not woolly) plant with entire 
leaves- 

This species I have named Datum ro«r4 w m honor of Dr, J. N* Roso 
of the United States Xatiomil Herbarium. Lagcrhcim, w B ho mistook 
it for D. tmumnea, static t!snt in the vicinity of Quito it is called 
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Hu&iitue* nnd that ife seeds sire used to lujike the fermented cfdchu 
of the natives more intonating. Its pollination, he states, is ac¬ 
complished in eertuin localities through the agency of si humming 
bird, Dodwaitcx Muti/cr. 



Specimens of the true Datura $&nguhca Rute & Pnvon, quite dis¬ 
tinct from the woolly-leaved plant, m> celled by Lagerheim and other 
authors, were collected in the Penman Andes in 1JH5 by Mr. O, F. 
Cook, to whom T am indebted for much valuable information regard* 
ing pi a nts belonging to this genus. It grown in the form of a tree 
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somewhat Finn Her than the white-flowered Datura arbarm L, and 
having a very <1 life rent appearance from that species, with a more 
open habit, narrower leaves, and soar let* und-otnnge flowers. At 
Ollantaytambo it is locally known ns Puea Oampancho, pvca being 
the Quk'hna word for “'red- 11 Here it flowers abundantly, begin¬ 
ning in May, About the middle of July only u single smn.ll fruit of 
this freeing could be found in this locality, while trees of Datura 
arlorm were hewing an abundance of fruit. Higher up. however, 
in the pass of Pantkalb above Piftas&ipq, nt an altitude of 12.000 
feet, where there was frost every night, trees were found fruiting 
abundantly, showing it to lie n hardy species, likely to grow in such 
localities as the California coast region. On plate 12 are shown 
specimens of flowers of tips species collected by Mr. Cook, with 
leaves and peduncle pubescent but not densely woolly as in Datura 
ro&ci, and with the blades of the leaves entire instead of coarsely 
toothed or notched On plate 13 uro two fruits of the same species, 
the -muller collected by Mr. Cook at Ollantsytamlxi at an altitude of 
fijidi.i fm. the larger at Pifianeniovj at an altitude of 12/)00 feet. 

U is not strange that the tree daturas above described, with their 
pendulous indehisoent fruit so very different in form from the erect 
four-valved capsules of Datum rtram/mium y should have been re¬ 
garded as a distinct genus (lSru^swriwia.) by botanists who were unfa¬ 
miliar with the other groups. This proposed genus “differs from 
Datura in its treelike stem, its persistent longitudinally deft calyx, 
at length quite deciduous, its two-celled ovary and unarmed inde- 
hincent fruit." As a matter of fact, in most of the species, including 
Datura arborca (pi. 0), D. ranee 61m* (fig. 12), and D. pit fieri (pi. 
10) the calyx is nol persistent; in Z>, ruaveelmr (pi. 11) it is Eve* 
toothed at the apex and mat split more than in />. metelohU* (pi. 4) | 
while in Datura sang at nm (pk 13) it persists until the fruit is quite 
ripe and is never deciduous. As for the ovary, it is really two-celled 
in all species of Datum. The fruit of Datura cemtocaula (lig. 10) 
is l*>th unarmed and indehUeent, and none of the fruits of the section 
Itutra (pis. 1, 2, 3) tarn really dehiscent, but break up irregularly 
when quite mature. 

Tt therefore follows that the tree daturas of South America can 
not be separated tus a distinct genus on account of their split or decid¬ 
uous calyx, their two-celled ovary, or their spineless indehiscent fruit. 
As for the essential peris of the flowers and the forms of the corolla 
they do nut differ from those of other sections of Datura, with which 
they a tv connected by the m*r*h-lt>ving tornR-locs [Datum cerato- 
eauU) of Mexico. 

* fL, Itk Jatirb, vnl £fl. p. 1M3&. 
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SUMMARY, 

L The family Solamteeite included n number of narcotic plants, 
some of them of Old World origin, others belonging to the New 
World, which have tieen used from remote antiquity as intoxicants 
and medicines. 

£1. These plants owe their virtues to certain, midriatlc alkaloids, 
principally to atropine, hyosey amine, and scopahmine, to which may 
i>e added the more recently discovered solandrine, or nor-hyoscya- 
mine. 

3. Perhaps the most remarkable feature in connection with these 
phtnts is the independent discovery in remote parts of the world of 
their remarkable hypnotic effects, which have been attributed to 
magic, or to supernatural agencies, and have caused them to be 
regarded with dread, 

d. Scarcely less remarkable is the independent utilisation of dis¬ 
tinct species in both the Old World and New in religions ceremonials, 
especially in oracular divination, in the discovery of hidden objects, 
and the foretelling of future events. 

5. The shortage of certain imported medicines during the recent 
war has resulted in the cultivation of some of our own plants, esjie- 
oiiilly the common Dafunt atrnmoHiitm », as the source of a substitute 
for atropine. Other -Janaeeuus plants of both North and South 
America might la* similarly utilized. 

*’■ ^ endemic plants of America by the magicians and 

medicine men of various native tribes illustrates, in the most striking 
manner, the process of discovering the virtues and the utilization of 
plants of primitive people, and throws valuable light upon the enriv 
history of mngie and medicine, 

7. After a careful study of id] the specks of Datura it docs not seem 
advisable to separate the (Wipondios, or tree-daturas of South 
America, from the rest as a distinct genus. 

8, I' or it elastiiication of the daturas and descriptions of new gjiecies 
mentioned in the present paper the reader is referred to Synopsis of 
the Menus Datura, in the Journal of the Washington Academy of 
Sciences, voL 11, pages 173-J60,1921. 
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THE NAfttdTIC METEL IMltT Of THE ARABS. 
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Plate 2 , 



DOuble^loweaed Fork of Datura metel U Ccwmom.y Called D. fastum,. 
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PUTE 3- 


The Downy Thoftn;-Apple of Mexico, Datura iknoxia Miller 
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Plate 4 , 



AM“ Q mE^Mex[ e E ^ Ka Du ^ L Useo * s * CE fiE „o« t AL Plant 
* OF MEXICO ANO THE SOUTHWESTEBN UNITEp STATES, 
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The Purple-Stained Toloache, datura discolor Bernh 
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Plate e. 



THE jAMESTOwrt WEED, DATURA STRAMONIUM L. A POWERFUL NARCOTIC OF 

THE AluONQUIN luCHAhtS* 
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PLATE T, 


A CLIMB MG DaTuWA, SOLAN DR A H AHTwEQi!, CALLED TeC0«AX0CHITL BY THE 

Aztecs. 
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PLATE 3 



The True Datura auborea l + qf southern Peru, 
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Plate 9. 



FFlUiT OF DATURA ARBOfTEA L-< QUITE DEVOID OF A CaLYK. 
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PLATE 10- 



Fhuit qf the Columbian Datura pittieri S*™&, 
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Plate i 1 . 


The amqel'3 Trumpet. 


Datura suaveolens R £ a Pla**t of Brazilian Oriole 
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PLATE 12- 



T«C I hfoxiCATihC* TOMQA PUAMTi DATlflU BAnGgiNEA R. & p. 
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PlATF 13. 



Fruits Of Dvrum &a*pjinea R. a p. with Penstsr£«T C*lyx + 

tfpftej *i* hlfr-ofir hj- |trttri1Lt i^tlia; T*m(i|fll «fHn ^i-lTI, 




















EFFECT OF THE RELATIVE LENGTH OE DAY 
AND NIGHT ON FLOWERING AND FRUITING 
OF PLANTS. 


h}' W\ W. Ga*NLu uiij EL A. A 1-f.AHEL 
PkvtititoffliU, Eniicd Departma it of Africultvr^ 


t Wltb IT platiisj 

One of the marvels of nature is the tntiisrfonurijtioii of the greets 
growing shoot of the plant into the blossom, closely followed, as a 
rule, by the appearance of the fruit. As even-one knows, flowers 
are to be found in an endless variety of shape, size, and color, and 
the fruits which follow are equally varied in form and color. Those 
who systematically observe tins profusion of form and coloration 
in flower and fruit are almost led to conclude that nature lias prettv 
well exhausted the possibilities, even if no account be taken of the 
countless numbers of plant forms appearing in the past which* for 
various reasons, were unable to maintain the struggle for existence, 
having been lost in the process of evolution leading up to the plant 
world of to-day. Another striking feature of flowering and fruit- 
>ng is that each species as a rule reaches these stages of development 
At certain definite periods of the year, so that the flowering of cer¬ 
tain plants comes to be closely identified with each of the seasons. 
On the other hand, there is no single ^ason in which plants as a 
whole flower and fruit. Some are in flower and maturing fruit 
during every month of the year, except possibly under extreme con¬ 
ditions of climate. Again, some plants flower and fruit within a 
few weeks after the seed germinate, while others may require 25 or 
BO years or even longer to attain the flowering stage. Moreover, it 
is well known that the general type of vegetation, including various 
features of flowering and fruiting, undergoes marked changes as one 
proceeds northward or southward from the Equator, Finally, it 
often happens that transfer of a given specie,- northward or south¬ 
ward lends to important changes in its usual flowering and fruiting 
habits. 

ft seems unnecessary to dwell upon the fact that the development 
of flower and fruit is of the greatest importance to the plant, for in 
many instances, particularly in tin- large group known as annuals, 

MO 
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propn^iitiati by wds eonMitutcs the sole method of perpetuating the 
sporio. Indeed, the typical course of development of these plants 
is such that it was formerly believed all other activities arc merely 
preliminary or incidental to the successful accomplishment of seed 
development or sexual reproduction. This suggestion implies that 
flowering and fruit formation simply express inherent properties 
of the living protoplasm, without special intervention of the en¬ 
vironment, provided only that conditions of temperature, moisture, 
light, and soil reasonably favorable to plant growth are supplied. 
The present-day plant physiologist, however, recognizes that the 
plant merely inherits capacity to respond in definite and specific 
manner to given conditions of its environment, rather than thnt de¬ 
velopment must bo along lived lines in spite of differences in environ¬ 
ment. Still, it must be admitted that until recently little was known 
ss to the factors of the environment which actually control flowering 
and fruiting. 

In the light of the above-mentioned considerations one naturally 
would be led to conclude tlmt although the internal changes involved 
in flower and fruit formation arc very profound and complex in 
character, these processes can not be regarded as proceeding in a 
fixed course independently of environmental influences. It is appar¬ 
ent that any satisfactory explanation of underlying causes and the 
median ism of I he internal processes whereby the green shoot is 
transformed into flower and fruit must take into account a number 
«f striking features of development which are associated with this 
change in activity. Among these are the multiplicity of forms 
evolved, the marked periodicity in occurrence of flowering and fruit¬ 
ing in die individual species, but decided diversity in "the annual 
(lowering seasons of different species, differences in time required 
for reaching these stages of development in different species and 
changes in the behavior of a particular species when transferred 
northward or southward. It is the purpose „f this article to 
show that the relative length of day and night is an external factor 
which may largely determine whether a given plant is able to flower 
and develop fruit in any' particular region and in any particular 
season of. the year, and that, consequently, the prevailing seasonal 
length of day in any region may greatly influence the character 0 f 
it* vegetation, barring, of coume. the effects of special and purelv 

local conditions, such os alienee of rainfall. 


t’K< tliah behavior of certain varieties of soy bfvx 1Vt 

TOBACCO WHEN GROWN AT DIFFERENT SEASONS OF THEYEar 


^,7 bean < r 0 Ji ip«r) is a leguminous summer 

annua E of great value as a farm crop for improving the soil, f„ r *x_ 
production of food for live stock, and os a source of vegetable 1 
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Thera are numerous varieties of soy bam, Mime of which cun be 
success fully grown only in southern latitudes, because Li more- north* 
erly regions they are killed by frost before the seed con he matured. 
Thus the variety known as Biloxi whan planted as early as April in 
the latitude of M ashing!on, D. C\, dues not begin to flower till Sep¬ 
tember, although certain other varieties under the conditions 
will show open blossoms early in June. Experimental plantings of 
the Biloxi made at Washington in April have required 125 dnvs to 
reach the flowering stage, while similar plantings of the Mandarin 
variety required less than 40 days. A peculiarity of the Biloxi is 
that as successive plantings are made through the spring and sum¬ 
mer the number of days required to attain the flowering stage 
la markedly reduced, and plantings made as lute us August 5 bare 
required only 55 days to fluwer, while the Mandarin shows no such 
shortening of the vegetation or growing period. The Biloxi shows 
this peculiarity each year in spite of decided differences in tempera¬ 
ture and rainfall which occur in the different years. Why this 
marked shortening in the growing period of the Biloxi as the season 
advances? The potential advantage of the response to the advancing 
season is readily Ecen, for curtailment of the growing period mate¬ 
rially favors the ripening of seed before cold weather, nod therefore 
tends to Increase the northward range of the plant. A distinction 
must be made here, however, between advantage and cause. To 
assign the danger of destruction by cold as a cause of the speeding 
up of flower and seed formation would be to assume that the plant 
is able to anticipate the advent of cold weather and to modify its 
course of development accordingly. Before considering further this 
response of the Biloxi soy bean to the advance of she summer season 
it will be of interest to review briefly the somewhat similar behavior 
of a variety of tobacco (-1 icotfaita tabucum L,) known as Maryland 
Mammoth. 

The Maryland Mammoth tobacco differs from its parent type, 
Maryland Narrow leaf, in that when grown in Maryland during i ho 
summer mouths the plant continues to Increase in height without 
flowering till October or November or until killed by cold weather. 
The parent type produces about 25 leaves per plant while the M itn- 
reoth may produce more than 100 leaves. If the plant is transferred 
to the greenhouse iu the fall, growth will continue tall November, 
when flowering occurs. If seedlings are propagated during the 
winter months they invariably flower without growing larger than 
the ordinary varieties of tobacco. Finally, while the primary and 
axillary shoots developing during the winter and early spring in¬ 
variably Sower without delay, there comes u time in the spring when 

tbe new shoots of the plant assume the summer type of growth_ 

that is. they continue to grow indefinitely without flowering. Thus, 
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we have in the If ary land Mammoth tobacco a plant which shows A 
non flowering type of development during the summer months, at¬ 
taining giant proportions, while during the winter months this 
toimfco imariatty flowers and does not grow any larger than other 
tobaccos. Again, the question may well he raised as to the cause of 
this striking difference in behavior of the Maryland Mammoth 
tobacco when grown in the summer or in the winter, u difference not 
shown by most varieties of tobacco. Differences in temperature can 
not be regarded as » factor, for the greenhouse may be kept as warm 
during the winter as the outside sir of the summer months, but this 
-ji u<i w Ls* in lei fores with the flowering of the tobacco, so that one 
must seek elsewhere for the cause of the difference in the winter and 
summer Itehavior of the Mammoth tobacco. 

There is really no fundamental difference between the Biloxi soy 
bean and the Maryland Mammoth tobacco as regards their behavior 
when grown at different seasons of the year. Normally, neither 
fiowere during the summer months in the’latitude of Washington, 
while both Bower readily during the fall and winter months. Hav¬ 
ing excluded temperature difference as 3 possible cause of thj B 1 *- 
hrtvior sunlight naturally presents itself f or consideration. Te has 
long been known that sunlight is one of the indispensable factors 
in plant growth, and it is obvious that outside die Tropics the baht 
conditions change decidedly os the season advances. In midsummer 
when ihe path of the sun across the sky is at its highest the total 
intensity of the light, to which the plant is exposed daring the middle 
of the day may reach 10,000 foot-candles, but in the winter the mid¬ 
day light intensity is scarcely half 1,3 great. A series of experi- 
incrits was caned out wjth soy Imh, using specially construe ted 
shades of cloth to reduce the intensity of the sunlight falling , iporl 
the plant. Two types of shade were used in the tests, ns shown in 
plate 1. Loosely woven cotton netting of five different weaves 
was employed m shading the plants in order to recure suit¬ 
ably graduated reduction in light intensity. The five grades of n£ 
tmg, one of which was the standard cheesecloth extensively n^j f 0P 
surgical dryings, are shown in natural sire in nlate o Ti j 
gree of the shading effected varied, of course J?th tb« \ 
angle of the sun at different hours of the day. The reducti^hfth* 
intensity of the direct sunlight at noun ranged from 9 tuTi ™ 
cent of th^ total for the nm«t open-mesh cloth to more th^ Z 

E S f ^ 

obvious that the total light intensity was grendy redured wt^! 
denser grades of netting were used. Though the soy been h * 
were affected in other particular by the shades. the date If 
** ** wUb grown without ^ 
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neither odvanced nor delayed by a single day* Similarly, it was 
observed that the Maryland Mammoth tobacco U tint affected by 
shading so far ns concerns date of flowering. We conclude, there¬ 
fore, that change in the intensity of the sunlight us the season ad¬ 
vances is not the factor which hastens flowering and fruiting in the 
Biluxi my bean and the Mammoth tobacco. As a matter of fact, 
flie intensity of the sunlight varies each day fro# zero just lie fore 
tire beginning of dawn to a maximum at noon, after which it again 
declines to zero at the end of twilight in the evening. Moreover, 
periods of relatively dark, cloudy weather of variable but consider¬ 
able duration occur at irregular intervals during the growing sea¬ 
son in many sections. It is hardly to be expected, then, that seasonal 
changes' in light intensity would tie a factor of importance in such 
features of plant development as the sharply defined annual perio¬ 
dicity in time of flowering and fruiting shown by soy bean and to¬ 
bacco, ns well as by meet other plants when grown outside the 
Tropics. 

EFFECT OF SHORTENING TIIE DAILY ILLDlUXATION PERIOD ON 
THE DEVELOPMENT OF SOY BEAN AND tobacco. 

Having seen that changes in temperature and in the intensity of 
i he sunlight do not hasten flowering and fruiting of soy bean and 
tobacco as the reason advances, wc nest turn to another feature of 
(ifriodk'ity related to change of season, oaiuelv, the relative length of 
day and night. In the latitude of Washington, D. C, practically 
la hours elajise Iwtween sunrise and sunset during the longest days 
of the year, which occur, of course, during the latter part of June, 
while during the latter part of December there are only about nine 
and one-ha If hours between sunrise and ‘■unset. Beginning with the 
first part of July the length of day decreases by slightly less than one 
minute daily. This rate of decrease becomes steadily larger until die 
end of Scptemlier. when it Is considerably more than two minutes 
per day, while from that time till the winter solstice the rate of 
decrease steadily declines. The change in the length of the day at 
Washington {luring the principal growing season for plants is shown 
in figure!. 

To ascertain whether the seasonal change in the length of the day 
is in any way responsible for the peculiar behavior of soy bean and 
tobacco under discussion it was decided late in the summer of HMfi 
to make a simple experiment with there plants. A small, ventilated, 
light-proof clmroller was constructed into which boxes containing 
soy bean and tobacco plant* could be placed for a time each day. 
so as to reduce the number of hours of sunlight received by the 
plants. This dark chamber is shown in plate 3, In practice the 
cultures of soy bean and tobacco were placed in the dark chamber 
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m t o’clock in the afternoon encti day and u^uin withdrawn at ft 
o’clock the following morning. The plants tints received only seven 
hoots of light daily, while, fior comparison, other similar culture- 
wore left exposed to the light throughout the day. In the first tests 
=i variety of soy bent; known as Peking, which flowers earlier than 
tin? llilitxi, mis used and the plants were placed in the dark chamber 
for the first time on July 10, ot which date they had just begun to 
blossom. The Maryland Mammoth tobacco plants, which hail been 
planted April 14, also were first place*! in the dark chamber on July 



10. In a short time It became evident that both soy bean and tobacco 
were responding to the artificially shortened length of day. Before 
liu- end of July the seed pods of the soy bean were full grown while 
-m the control plant, remaining out of doors none of the poth were 
more than hall grown. By September 1 the leaves of the test plants 
,at uiut were fcilliffepp ini,| iiianv funks were fully 

matured, while both leaves and seed {hhIs on the control plant- were 
etill green. The appearance of the two sets of soy bean are wdl 
shown in plate 4. The tobacco phmU exposed to tlip shortened tLiv 
length began to flower August 2 ft, while the first blossoms na- 
peared on the control plants remaining out of door* on October " 
rhQm rt4n1 ^ 4 Vwt ‘ striking that urrati ■foments were made f ot V 
more ^tensive tests in 1D10 with my bean md tobacco. ** w.Ji 
with many other species* s * aii 
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I’or these experiments 11 much huger dark house was constructed 
spenal provision l>eihg made for ventilation without admission of 
light- A series of steel tracks, each entering the dark house through 
a separate door, was provided; ami on these tracks were placed n 
number of trucks arranged for supporting the test plant? in their 
containers. In this H!*y each series of plants cemkl he conveniently 
transferred into the dark chamber and out again a® ften as desired. 
A general view of the dark house awl the steel trucks bearing the 
test plants is afforded by pinto In the.se later tests four varieties 
of soybean differing in time of maturity were used, as follows; Man¬ 
darin. f towering and mat u ring early In the summer: Peking, somewhat 
later than Mandarin: Tokyo, rather tote in flowering and maturing- 
lidos! a yen- late variety, as already pointed out. In addition to 
tlie Maryland Mammoth, another commercial variety of tobacco 
known as Connecticut Broadtouf and a variety of Nirodann ntstica 
wetr used m the experiments. The former results wen' fully con- 
firmed and also were considerably extended. When allowed'to re¬ 
ceive only 12 hours of Sunlight daily Biloxi eov bean planted in Mav 
and early June was in blossom within four weeks after germination 
Whereas the control planting out of door? did not begin to flower 
till about the second week in September or nearly four months after 
germination. Similarly, the Tokyo flowered in about 25 days when 
exposed to 12 hours of light daily, while the control plants begun 
to bloom m August, about m days after germination. The Peking 
hlosonuH ,n about three weeks under the 12-hour exposure and the 
control plants blossomed during the latter part of July, about 51} 
days after germination. The Mandarin flowered in three weeks 
under the 1'2-hoiir light exposure and in four weeks under the full 
summer length of day. It is perfectly clear that the later the va- 
rttj n. soy bean in maturing the greater is the effect of the arti¬ 
ficially shortened day-length in hastening the appearance of flower* 
Tl.«. of «mrae. is ju* what would bo expected if the decrease in 
Uigth of flay as fall approaches is really responsible for the fact that 
the period between germination and flowering of tote varieties is 
progressively shortened as plantings tire made later nnd inter throu-h 
tlm summer. In other words, late varieties will not flower and fruit 
till exposed to ahorter days than occur in midsummer. 

fH-.birytond Mammoth tobacco when exposed to 12 hours 0P 
toss of simhght -lady behaved just as it did In the earlier exr^ri- 
nient 1 he Connecticut Broad leaf and the variety of iVicoth'nti 
™ l™' 1 m j hf> t<>sE - however, did not show any decided respond 

° * 1,R ^oricned length of day. It thus appears that the Mammoth 
tnbncvo. like the late varieties of soy bean, wiD not flower and fruit in 
midsummer, as a rule, because of the excessive length of the day 
1 he effect of shortening the day-length is shown in plate 5 
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In additional teste with the nbovc-nicfitinned varieties of soy bean it 
was frjuml that further decrease in the length of the day, even to as 
low a* 5 hours, had practically no greater effect than the IS-hmir day 
m forcing the plants into flowering and fruiting. Op the other 
hand* the rate of growth was found to bo directly proportional to 
the length of th^Jiiy cmef + zsa a consequence, the size attained by the 
plant* at the tuwof flowering was materially reduced by shortening 
the length of lhe daily light period below 112 hours. The action of 
the artificially shortened day in forcing early flowering and fruiting 
as well as in reducing the size attained by the plants is well diown 
in plates ft, 7. 8* and P* 

Another axperimant with soy bean gave interesting and rather un¬ 
expected results. The length of the daily exposure to light was 
reduced by transferring the plants to the dark house at 10 a. m, and 
returning them to the sunlight at 2 p T m. The plants thus really 
received two periods of illumination daily, the total daily exposure 
to sunlight through the summer am! autumn being 11 to 8J hours. 
Under these conditions the plants behaved si I-out the same as those 
remaining in sunlight throughout the day, or, in other words, the 
noon “siesta* was without effect In hastening the formation of 
flowers and seed. This is in striking contrast with the effect pro¬ 
duced when the length of day is shortened by cutting off the sunlight 
in the morning and aftcraoon. as h dearly shown in plate 0- figure 2 l 
T he most likely explanation would seem to be that interna] processes? 
set up through the action of the morning sunlight continue in opera¬ 
tion through the greater portion of the artificially darkened noon 
period, the effort thus being about the same us if the plants had 
remained m the light throughout the day. 

RELATION BETWEEN EAULV-M AT PILING A Nil LAT E-MATURING va- 
rieties of mx reax 

To secure varieties of various: useful plants adapted to the various 
regions of the country and to sceare different varieties of many of 
these plants adapted to the different wash ns of the year in any given 
region are among the chief problems of the plant breeder and the 
plant introducer. Hence it b important to arrive at ,i correct under- 
standing of the relation between early and Jate maturing varieties 
in -so far us difference in bdtwdor is directly aftribnteble to rt^nonse 
to external conditions. The soy beam is admirably adapted to throw 
light on thl*subject. Is 1ms already been pointed out that of differ¬ 
ent varieties of this, plant which, when planted in the spring, require 
all the way from a month up to more than 100 Elays to reach the 
flowering stage, all can I*? made to blossom within three or four weeks 
by properly shortening the length of the day. It is at once seen 
that if this behavior holds true under natural conditions in the field 
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it throws :t great deal of light on th-e underlying cause of difference 
in varieties us in their adaptation to different latitudes. To test this 
point a scries of plantings m approximately three-day intervals 
throughout the sprinp and summer were made of the Mandarin,, 
Peking, Tokyo, and Biloxi varieties of say hem, and careful watch 
for the first appearance of blossoms un each planting \vrt_s tnuintEiinoiL 
Tt is obvious that as the summer advances thq^ecessive phitilpgo 
will be exposed to shorter dav-lengths and the time elapsing between 
germination and the arrival of » length of day of, say* 12 hours, will. 
Ix-como progressively H'sS + The fact that the duration of the vegeta¬ 
tive period which precedes flowering is progressively shortened as 
the season advances has at ready Immld sufficient ty emphasized in the 
case of the very lute variety, Biloxi, but consideration of the com¬ 
parative behavior of early and late varieties under different lengths 
of day leads to such important conclusions as io justify further dis¬ 
cussion. The remarkable differences in the response of the Mandarin,, 
Peking* Tokyo* and Biloxi varieties to external factors ctiiuiccted 
with advance id the season are graphically shown in figure % Thu 
outstanding feature is that the curves showing the number of days 
required by the different varieties to reach the flowering stage show a 
striking tendency to converge as the plantings are made Inter and 
later through the season. The time required by the Biloxi to reach 
the flowering stage is shortened most by advance of the season while 
the Mandarin is affected least. It appears from a study of figure 3 
that if plantings could be made bite enough in the season without 
interference by cold weather or other factors a point would bo 
reached where all varieties would require the same length of time to 
reach the flowering stage* namely, about 25 days, Xow. by referring 
back to page 575 it will Ijc seen that this k exactly the result obtained 
an midsummer when temiierature and light intensity are at their 
highest, simply by exposing all varieties to a day-length of 12 hours 
nr less. Thus there seems to bo no doubt but that speeding up of 
flower and fruit formation with advance of season is due to the 
decrease in length of day. and changes in temperature and the in¬ 
tensity of the light play only a subordinate role in this phenomenon. 
If curlier flowering and fruiting of the bier plantings arc to be 
considered as cine to approach of cold weather, it must at least be 
admitted Hint the plants may be easily fooled in Lite matter. 

Bet timing to the differences in behavior of early and lute maturing 
varieties, we reach Hie important conclusion that if grown in the 
Tropics where the length of day is not far from 12 hours through¬ 
out the year these differences lad ween early and lute varieties would 
largely disappear. Conversely, varieties or strains which mature 
at the same time in the Tropics might readily show marked differ- 
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eiiccs in trtnc of maturity when carried into temperate regions 
^here decided seasonal change in length of day occurs. This, in 
fati, has proved to be the case in a number of inciteuces where seed 
of tropical plants have been brought into this country. Tims it 
may happen that a culture which sevens to consist of a pure variety 
as grown in the Tropics* nm be readily separated into two or mare 
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ilESWiVSE OF OTHER PLANTS TO REGULATED LEJTOTli OB' DAY. 

Artificial control of the length of Jay has now been Applied to 
a large number of flowering plants, and it has been found to bo 
an important factor of very wide application in flowering and 
fruiting. It is not to ho expected that all plants would respond in 
the same way or to any particular length of dav. On the contra rv 
there is the greatest diversity of response in Afferent species mid 
varieties to seasonal change in day length. Additional examples of 
plank behaving like soy bean and the Maryland Mammoth tobacco, 
which I lower as h result of decrease in length of day, may he first 
considered. The common wild aster. Agter UmrUfotou L. f which 
normally begins to flower nI suit September I. may easily be made 
to blossom in June by artificially shortening the day to 1 2 hours 
or less, as shown in plate C. Like the soy bean and tobacco, the 
aster is not forced into early flowering by interfusing a period 
of darkness in the middle of the day. even though the total number 
of hours of sunlight daily is thereby reduced to ns low as 10. A 
variety of bean {Phallus 'mhjvris L.) imported from the Tropics 
b ^ m t0 bIoJKom October 11, 109 days after germination, when 
grown under the full length of day. When given only 7 hours of 
sunlight daily it began to flower in *28 days, and a month later 
sonm of its seed pods were mature. Theft- differences in be- 
hanor are shown in plate 11. Coming from the Tropics, this plant, 
which is accustomed to a comparatively uniform length of dav 
w,th a maximum of about 12] hours, flower with equal randineaj 
in our hottest July weather or in the mol weather of October, pro¬ 
vided only that the day-length is favorable. The common ragweed 
(Ambrotui artemmift&w Lthe Ante of flowering of which is so 
well known to sufferers from autumnal hay fever, was shedding 
pollen Within 27 days when exposed to T hours nf sunlight dnilv” 
beginning with June, hut ret]uired 7 weeks to reach the same 
stage when exposed to the fid! day-length, (Sec pi. 12.) Speci¬ 
mens^ one of the familiar wild violets of spring (FfcZa fimbria* 
tula Sm.) which had already flowered in the field at the usual time 
m April were transplanted to boxes on June 9 and thereafter ex- 
[nised to sunlight dally from ft a. m. to 4 p. m. By July these plants 
were again displaying purple blossoms st mil nr to the typical petalif- 
erotts blossoms of early spring, while control plants exposed to the 
Minlight throughout the day produced only the rieistogumous flowers 
which are characteristic of this species during the long davs of 
summer. A very late variety of dahlia known ns John Ehlicb, 
which normally flowers about October 1st at Washington, was 
exposed to in hours of light daily freon May 12, and under these 
conditions was in blossom as early as July 8*ns shown in plate 13. 

A striking example of this response to decrease in length of day 


580 ANXUAL UmiRI SWITHSOXIAX ISSTITUTIOS', LMB. 

is shown bv the beautiful poinasttia, so highly prized tut nn orna¬ 
mental plant during the Christmas season. Specimens ex posed to 
JO hours nf sunlight daily from July 1) flowered find began to 
color in nor urn i fashion. By the Utter part of August the plants 
allowed as line coloration of the leaves subtending the inflorescence 
as can be obtained in winter. 

Having shown Jhat various plants which normally flower in 
mit.nnm, full, or winter are readily forced into bloom in midsummer 
simply by shortening tho lejigtb of the daily exposure to light, it 
will be of interest next to consider plants whirli normally flower in 
mi dsn miner when the days are longest. Some of our best known 
vegetables full into this class. The behavior of radish {RapJwtiut 
satlfv« L.) is intenS’ting and instructive. As is well known to ail 
gardeners, the ordinary varieties such as Scarlet Globe when planted 
in spring first produce an edible root of moderate size. after which u 
flowering stein Is sent up, seed are formed, and the plant perishes. 
The Scarlet (ilobe when planted in May and allowed to receive only 
seven hours of light daily continued to increase slowly in size 
throughout the summer and the succeeding winter without develop - 
ir ;r any flowei stein (see pi. 12. fig. 2). The root finally reached a di¬ 
ameter of nearly *1 inches ami the leaves attained u length nf about 13 
inches. (Si-w ph 13, tig. 2-1 As the plant was allow«■<] to receive the 
benefit of the lengthening days of the following spring the usual flow¬ 
ering stem appeared. It is well known that while spinach {Spinacua 
okracea L.) may be easily grown as a garden vegetable in spring 
and fall, it is a “ failure " when planted in the summer for the rea¬ 
son that the plants quickly ^ go to seed " instead of merely develop¬ 
ing the desired rosette of edible leaves. Tins behavior of spinach 
in midsummer has been almost universally regarded ns being due 
solely to high temperature. As a matter of fact, when exposed 
to a short day-length Bummer-grown spinach was found to behave 
essentially the same ss whan planted in spring or fall, except 
Ilmt the higher temperature undoubtedly hastens the general de¬ 
velopment of the plant. The Climbing Hempwced {Uikania scan- 
tffa/ U), which normally begins to flower in July, was given n 
daily light exposure of seven hours and under this treatment re¬ 
mained sterile throughout the summer. (See p|. 14) If ] )iig i^q 
found, moreover, that this plant is unable to blossom when grown 
in the greenhouse through the winter months, Sinulariv, Iiib it¬ 
em mmchtvto* U. a wild perennial which flowers in ktc'summer, 
was unahlc to flower nr ta make any appreciable growth when ex¬ 
posed to seven hours of light daily, as is shown in plate 10 With¬ 
out multiplying examples further, it is clear that there is a gr urn 
of plants which are unable to flower except under the influence of 
comparatively long days, as contrasted with Lhe group First dis- 
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cussed which require relatively short days in order to attain the 
flowering fend fruit stage*. The difference between the two groups, 
however, is primarily one of degree and not of kind. In fact, for 
some plant* it is |iosaible to have a day too long ns well as one too 
short to permit normal flowering and fruiting. 

CSE OF ELECTRIC LKillT TO INCREASE THE IJSXOTJI OF DAT. 

The experiments in forcing the flowering and fruiting of plants 
t hus far considered have to do with shortening the daily illumination 
period during the comparatively long days of summer through the 
use of dark chambers into which the plants may !*• place*! for n por¬ 
tion of the day. During the winter months the days, of course, are 
much shorter than in summer, and ns u consequence many plants 
which normally flower in summer are unable lu do so in w inter, even 
though nil other conditions lw favorable. The question naturally 
arises whether these plants can be forced to flower out of season 
by using iirtitioml light to extend the length of day so as to furnish an 
iQnminfttion period equal in length to that naturally prevailing in 
summer. If artificial light thus applied is effective, it should Lx? 
possible in the winter to reverse the results obtained by use of dark 
chambers during the summer—that is, it should lie possible both to 
prevent the flowering of those plants normally respond!agio u short 
duv-length ami to force flowering of those plants which normally re¬ 
spond to ti long day. Tests were made along these lines in the usual 
type of greenhouse fitted with a series of ordinary 40-watt electric 
hulhs evenly distributed below the glass roof, a total of 34 such lights 
being contained in a greenhouse feet long ami 20 feet wide. The 
lights were turned on about sunset each day and turned off at mid¬ 
night. A specimen of Irh fiorentina L-, which normally flowers in 
.May, was placed in the illuminated greenhouse late in October and 
soon began growing vigorously. By Christmas the plant was In 
bloom, while a similar specimen in « greenhouse without electric light 
remained dormant all winter. Spinach planted in the artificially 
lighted house on November 1 was in bloom by tile middle of Decern- 
last, while a similar planting in the control house did not flower till 
late in the spring when the days had lengthened. Seed of Spanish 
Needles (fhdnu frondo tut L.) planted in the unlighted greenhouse 
began to flower when less than 2 inches in height, while under the 
influence of the electric light the plants continued to grow through¬ 
out the winter till the experiment was discontinued, having attained 
a height of some 5 feet without flowering. Plume transfer red from 
the artificially lighted house to the control house wlten they had 
attained a height of about 9 inches promptly flowered. Seed of cos¬ 
mos {Cogmot 'bipmutta Car.) was sowed November l in the two 
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greenhouses, and by the latter part of Berember the plants in the 
control house were in full bloom, having attained a height of about 3*1 
inches. In the lighted house the plants eon tin tied to grow throughout 
the winter without flowering and Jate in. spring after long days had 
arrived they were placed out of doors. In the following fail when 
tist) days had shortened these plants finally flowered after reaching a 
height'of 15 feet. Plate 15 illustrates tlie behavior of simil ar Jots of 
plants in the two greenhouses, Varieties of lima bean (Pha»eolus 
htmtm M imported from the Tropics, which had failed to flower 
iu the field during the summer, promptly flowered and developed 
fruits abundantly when transferred to the unlighted greenhouse in 
Oetidjer. In the house, lighted with electricity the plants grew vigor¬ 
ously, but were sterile throughout the winter, a few blossoms finally 
appearing in April, Plates 10 and IT bring out the contrast in be- 
havinr under the two sets of conditions. The Maryland Mammoth 
tobacco and the several varieties of soy bean previously discussed be¬ 
haved just as would have Itcra expected from the results obtained by 
shortening the day during the summer season-—that is, tho use of elec¬ 
tric light to prolong the day inhibited or delayed the appearance of 
blossoms just us do the long days of summer. These examples will 
suffice to show that artificial liglu may be successfully used either in 
inducing«or in inhibiting Quivering and fruiting of many plants 
w hen it is so applied as to prolong the dally illumination period. 

H is interesting to compare the intensity of the electric light used 
in these tests with that of sunlight. In summer the intensity of the 
sunlight at midday may reach as high ns 10 t G<H> font-candles, while 
in winter the intensity will be something like half this value. The 
ordinary 10-watt electric light bulb is rated at about 39 foot-candles, 
which signifies that the" indicated intensity applies at a distance of 
1 font from the file men t, Since the intensity varies inversely as the 
square of the distance, tlie intensity of the light of one of these bulla 
at a distance of- feet would Lie about 10 foot-ratndlcs and at a distance 
of 10 feet tlie intensity drops to less Limn one-half foot-caudle. The 
plants used in lhe tests under discussion stood at varying distances 
from tlie bull's, but in most cases the distance to the nearest lights 
probably averaged 4 to 0 feet. Few of the plants, therefore, received 
a higher intensity of electric light than 5 to 10 foot-^-amlJos and many 
of them considerably less. It is obvious that after the plants above 
mentioned have bum exposed to natural sunlight during the day, 
artificial light of an intensity os low ns one-tliousindLli that of the 
sunlight will suffice to bring about the same results with regard to 
flowering and fruiting ns does continuous exposure to the sunlight 
for the same length of time. Iu other words, artificial light of very 
low intensity may be successfully used hi lengthening the short 
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days of winter so far as concerns effect on flowering and fruiting. 
This does not mean, however, that artificial light of low intensity 
may be used lo replace entirely the sunlight, for in this ease most 
if nut nil of the plants would fail to develop normally and T in fact, 
many would soon perish, 

CAt'SE Of EVER BLOOM I NO AND Emil BEARING. 

Numerous examples have been cited in preceding paragraphs 
which illustrate the fact that a certain daydengLh will cause prompt 
flowering and fruiting, the particular day-length required varying 
widely with the species. On tbs other lmml, certain day-lengths ma v 
inhibit or greatly delay flowering and fruiting while greatly favoring 
vegetative development. Under these latter conditions the plant 
may continue to grow a 1 must indefinitely without flowering, thus 
attaining nlmormally large steo. Profuse flowering and fruiting of 
pi ante usually arrests growth either temporarily or permanently, so 
that profuse dowering and rapid vegetative development are more 
or less incompatible. Seeing that in a given species a certain day- 
length may be conducive only to vegetative development while an¬ 
other day-length may favor only the flowering and fruiting phases 
of development, the question arises as to the behavior of the plant 
when exposed to an intermediate length of day, As it hunter of 
fact, the intermediate day-length tends to favor both phases of plant 
development, and this situation whereby the plant divides its energies 
between growth on the one hand and flowering and fruiting on the 
other hand in reality constitutes the “ererblooming" or “ever- 
bearing" condition. Instead of a short period of prefuse flowering 
and fruiting, with resultant cessation of growth, there is a more or 
less extended [wriotl of relatively sparse flowering and fruiting, the 
plant ad the while continuing to grow more or less. Naturally, 
there may U* all gradations between the purely vegetative and the 
flowering and fruiting conditions, depending on the relative degree 
to which the prevailing length of day may favor those two alterna¬ 
tive phases of plant activity. It follows that in a given latitude the 
duration and the rote of flowering and fruiting of a given species is 
likely to be controlled in large measure by the season of the year at 
which the plant is grown, and likewise the behavior in one latitude is 
likely to differ from that in another latitude because of difference in 
the prevailing length of day. For example, buckwheat {Pctffopi/tiim 
vulgar* Hill) sowed November 1 in the greenhouse under normal 
conditions began to flower during the first week in DecemW and by 
February had ceased flowering and soon afterward died, having 
reached a height of about 24 inches, A similar planting in the 
greenhouse in which electric light was used for a part of the night 
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showed t.|ie typical everbearing behavior. These latter plants tagun 
flowering somewhat later: they continued to bower and fruit some¬ 
what sparingly throughout the winter, continuing to grow nil the 
while, the final height being about 1!) feet. This is in line with the 
well-known fact that buckwheat succeeds best in northern latitudes, 
where the summer clays are long. It ha$ already been pointed out 
that by the use of electric lights to lengthen the short winter days 
spinach was promptly forced into flowering, and it may be added 
here Lhat under the influence of the lengthened day, which was main¬ 
tained at approximately constant duration, the spinach continued to 
flower fur several weeks, thus approaching the everbearing condition. 
Again, by nut interning a constant day-length of about eight hours 
violets have Iwcn caused to produce purple, petal if erous blossoms 
continuously for several months. The fact Is that under a suitable 
ttnd approximately constant day-length the ever blooming habit is 
the rule rather than the exception, hut in nature cverfdooming is con¬ 
fined to comparatively few species and varieties growing outside 
Lhn Tropics, because the proper length of tiny does not continue for 
the necessary length of time. Some Species are able to grow anti to 
flower simultaneously through a considerable range in day-length, 
but for most species the seasonal change in length of flay in temperate 
regions is. too rapid to allow this combined type of development to 
come into expression. 

IIIUBVKSMMCIWCK IS PLANTS. 

To ascertain the cause of senility and resultant flcath. which always 
follows sooner or later, lias lung been one of the great problems of the 
biologist, and as yet no satisfactory solution of (his problem has been 
offered. In plants us in animals the average length of life of differ¬ 
ent species differs enormously. Considering only the higher plants, 
there arc many which spring up from Lhi- seed, attain their full 
growth, flower, ripen their seed, and perish wdtlhn n peri od of a few 
weeks. Again, there are numerous species which live for hundreds 
of years am) a few which continue to live even for thousands of 
years. One large and important group are known us annuals for the 
reason that they usually mature seed and perish within n years 
time from germination, though the life cycle is not necessarily coin¬ 
cident with the calendar year. One of the most striking features 
<>f *be autumn landscape which clearly marks the approaching 
do* <*f »be principal growing season for plant life is furnished bv 
the slowing down of growth, the development of seed, shedding or 
withering of leaves, and other indications of approaching death in 
the summer annual.- and of transition into dormancy or The winter 
rest period on the part of the corresponding types of perennials 
It is commonly considered that the death of these annuals in (he 
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fall is as inevitable as is the death of the animal organism which 
lias lived out its allotted period of time. Until the problem of thy 
ultimate cause of senility is fully cleared up it may not be possible 
to rescue permanently these annual plants from death, hut it is at 
least possible to prolong greatly their life period, thus causing them 
to behave as perennial*. The relation of the length of day to the 
two alternative phases of plant activity, viz. vegetative development 
or growth and dowering anti fruiting, Inis already been fully dis¬ 
cussed, anti it has been pointed out that a sufficiently wide change in 
day-length may redirect the activities of the plant to the extent that 
vegetative development is completely rep hi ceil by flowering and 
fruiting, In the typical annual this change of activity is soon fol¬ 
lowed by the death of the plant On die other hand, it has been 
pointed out that with a more moderate change in length of dnv there 
may be only partial change from vegetative to flowering condition, 
as in the “everblooming” condition. Tn this case death does not 
necessarily follow, hence it appears that not only does relati vely rapid 
shortening of the days in the autumn and fall cause change from 
the vegetative to the fruiting condition, but as a final result when this 
change in activity is complete, may cause the death of the plant, With 
no change in length uf day these summer annuals would continue 
to grow more or less indefinitely, so that senility in the organi-m ns a 
whole is deferred accordingly. If this be so, it seems possible 
that the annual, having passed over into the condition of rapid de¬ 
cline which follows flowering and fruiting as a result of the shorten¬ 
ing of the days, could Ik? rescued from approaching death by ex- 
ptisure to a sufficiently increased day-length. As a matter of fact, 
experiments in this direction have been entirely successful. 

It will be recalled that the Biloxi soy lwan. whirh normally does 
not begin to flower till .September in the latitude of Washington, was 
caused to blossom as early as June 16 by shortening die day-length to 
oniy five hours. These same plants were restored to the full-day 
length on June 30. The seed pods ripened rapidly, the leaves turned 
yellow, end the plants at first appeared to be passing through the 
usual changes leaduig up to final cleath. Eventually, however, new 
shoots developed and the rejuvenated plants entered into a second 
period of growth. 1 he new shoots began to flower ut exactly the same 
time in -September as did plants which had been growing all summer 
in the Held. Wild aster which had been forced to flower os early us 
June 18 by shortening the day to only seven hours were restored to 
the natural day-length on June 30. By July 20 new shoots had 
appeared and the plants flowered the second time early in September, 
just as did control plants exposed throughout to the natural day- 
length. Thus, perennials as well as annuals may bo rejuvenated 
through the influence of an increased day-length. Ragweed showed 
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the same behavior as the soy bean and aster. By using electric light 
to lengthen the short days of winter as already described Spanish 
needles [BUiaw frondona L.), which was in a dying condition after 
having fruited, was induced to send up new shouts and continued to 
grow all winter. Thus it seems that whether a plant behaves as an 
annual, dying soon after flowering and fruiting, may depend largely 
on the length of day to which it is exposed, anil even after the plant 
has reached a dying condition it may be rejuvenated through the 
action of a favorable day-length* It is interesting to note* also, that 
in the altove experiments the soy bean, ragweed, and aster wens 
caused to complete two cycles of alternate vegetative and reproductive 
activity within a single season. 


NATURAL DISTRIBUTION OF PLANTS IN RELATION TO DAT-LENOTH. 


In die preceding pages evidence has been given that not only 
different species but also varieties of the same species show marked 
differences in their response to length of day. Some are able to 
flower and mature seed under the influence of relatively short days, 
while others are able to reproduce successfully only under the in¬ 
fluence of relatively long days. At the Equator the length of the 
day remains 12 hours throughout the year, so that in the Tropics, 
with seasonal range in length of day reduced to n mini mum, it 
might be expected that there would be less tendency toward the 


annual type of plant behavior in so fur as an unfavorable day-length 
is responsible for early termination of growth, followed by fruit¬ 
ing and final death of the individual. In the case of plants which are 
adapted to a day-length of approximately 12 hours, the natural ten¬ 
dency in the Tropics would bo toward the perennial type of develop¬ 
ment i and mire such change in length of day as w'cuis must take 
place vary gradually, the everbtoomhjg habit would be greatly 
favored. Three deductions are in full accord with observation, for 
predominance of perennials and everblooming tvpes are character¬ 
istic features of the tropical flora. It is to 1* expend that many of 
these tropical plants would not be successful in higher latitudes, for 
the increase in length of day during the growing season would tend 
to prevent successful ripening of seed before cold weather, while the 
more or less precipitate seasonal change would not And the plants 
prepared to withstand the cold of winter. In other words these 
plants would hardly find favorable condition, in higher lati^ics 
enhr r for propagation by seed ur for survival M hardy Journals. 

On the other hand, some spcy.es behaving a* fautinp perennials 
,n the Tropics might nmcessfully mature seed in consider aid v hiirh.r 
latitudes lief ore the advent of cold weather, and hen.* mi-ht preve 
successful as annuals. The moat essentia) condition is that the plant 
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be able to withstand the unfavorable conditions of winter (or of the 
summer) in some resistant form, whether simply ns a typical ever¬ 
green* or in some resting condition* os deciduous woody perennial, 
herbaceous perennial, or as viable seed. In passing northward or 
southward from the Equator both the total annual range and the 
daily amplitude of change in the length of day must be considered 
in their relation to adaptation mid natural distribution of plants. 

It remain^ to consider briefly the manner in which a species adapted 
only to a given range in latitude lbecause of its requirements as to 
length of day may eventually extend its range into new regions. 
For example, how could a species native to the Tropics successfully 
invade the temperate regions! The answer seems to be that new 
strains or varieties must appear which are better adapted to the 
changed length of day prevailing in temperate regions. That new 
strains and varieties are constantly coming into existence in nature 
is well known} and it is equally certain that some of these differ f rom 
the parental type in their light requirements, an example being found 
in the Maryland Mammoth tobacco, which has been fully discussed 
in the preceding pages. It may be well to recall in this connection 
the observation previously made to the effect that a mixture of early, 
medium, and late maturing varieties of soy bean as grown in northern 
latitudes would behave as a single early-maturing variety when 
grown in the Tropics, Plants which require a comparatively Jong 
day to attain the flowering and fruiting stage, such as the radish* 
apparently would need to produce strains capable of flowering under 
a shorter day-length in order to extend their natural range toward 
the Equator* That such strains, differing in their requirements m to 
duration of the daylight period, do actually exist in some spades has 
been shown in this paper, and it seems reasonable to assume that 
appearance of new* forms thus differing from their parental tyjjes 
has furnished the means for the species to extend its range northward 
or southward. 

CONCLUSION, 

In the light of the experiments which have been described in the 
foregoing paragraphs, it seems certain that the seasonal range in 
length of day exerts a profound influence on the flowering and fruit¬ 
ing habits of plants. Tins may seem less surprising, perhaps, when 
it is considered that temperature* rainfall, and intensity of sunlight 
as affected by cloudiness are subject to great variation in most locali¬ 
ties independently of the normal seasonal change, while the length of 
the daylight period* on the other hand, follows with mathematical 
precision a definite seasonal change year after year. It is to be 
expected* therefore, that arty feature of plant development which 
shows such sharply defined periodicity as does flowering and fruiting 


588 ANNUAL HKI’OF.T RmTHKONtAX T'SSnTUTTOS, IPSO. 

would lies more profoundly influenced Ijy the fiked course of the 
unmi;i] cycle in day-length than by other climatic factors which are 
so variable mid uncertain in their annual cycle. The wonder is that 
we have been so slow in recognizing the real significance of the rela¬ 
tive length of day and night as a factor in plant development. 

c may conclude that flowering and fruiting of ninny kinds of 
plants is induced by exposure to a specifically favorable length of 
!? " ', 1C \ var * es widely with the species, some plants requiring 

r iV ltU ^ days, others requiring comparatively short days, 

riieiv arc also definite day-lengths which are particularly favorable 
ta pore y \ Qgutftti \ e development, Exposure to it daily illumination 
period which m favorable to vegetative development but unfavorable 
to tioweriftg and fruiting tends to cause more or less indefinite eon- 
titnui i>n of growth, n phenomenon which is dcsignat^fl us gigantism* 
exposure to daylight of a duration which Is favorable to flowering 
unii fruiting and relatively unfavorable to growth tends to produce 
heavy flowering fruiting but dwarfed or restricted growth, A 
dnylight period favorable alike to growth and to (lowering and 
rui ing may induce the everblootning or everlicaring tvpe of de- 
u opine tit. ii:e plant thus dividing its energies between growth and 
epraduct'on. ft lStt comparatively dm pie matter to hasten or to 
nm* t " '' ? 1 Ie ^'wering and fruiting of most plants by 
; : W UIg T l “ gtheni, « fhp period. The natural 

i '* m ma ^ " b y »se of dark houses and mav be 

lengthened by use of artificial light. 1 J 

The term phobpericdttm has i* on Copied to designate the ra- 
spouse of the orgnimm to the relative | otigt l of tkv 3* ht , 

*«™i in tw* »*« u. 0 

cultural lUminrlu VoJ. XVHI, pp. Gaa-flOft ia llw °r Apl- 

a«lmllvri I--Uicth ot Uaj and N|j;ht and uiSu'-r L* i uarttr "■* ****** “ Effect «f thn- 
tt&pfudiitt34Ci lb PLaiiu.'' flCtgr * nX tin? Eav Iftnimcbt, OO fcJr*wtiL and 
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Plate 13. 
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FIRE WORSHIP OF THE HOPT INDIANS. 


By J. Waltc* Frwxkb, 

Chirf, Bureau a{ Amerimn Hthnolofftr, 


(With 13 plate*. I 

As the soul of American ethnology is the story of Indian culture, 
its evolution is tiie most important problem before the ethnological 
student of our aborigines. Preliminary to the study of this evolution 
is the recognition that Indian culture history is practically the off¬ 
spring of American environment and independent of foreign influ¬ 
ence save in its beginning. The facts that determine the prehistoric 
phases of cultural development are discoverable by archeological 
researches dealing with ancient objective material and modem soci¬ 
ological, linguistic, and other survivals. 

In early investigations the study of this material was largely de¬ 
scriptive and in efforts to interpret prehistoric specimens serious 
mistakes occurred by comparing them with similar material from 
the Old TV or hi or products of an environment that was not American. 
Our early archeologists often sought to explain American prehis¬ 
toric objects and their symbolism by comparison with similar objects 
from other lands. It was a favorite method to emphasize the resem¬ 
blances «if Maya ruins and their artifacts to Egyptian antiquities 
and ascribe their similarities to derivation. This method yielded in¬ 
teresting results but not scientific certainties. Not so, however, the 
study of manners and customs or prehistoric objects of culture stilt 
used by living Indians. A knowledge of the material culture and 
cultural life of modem pueblo* is now necessary for one who aspires 
to add much lo our present information concerning the culture of the 
cliff dwellers and ancient pueblos, mid yet up to 1885 this method of 
'cork was little cultivated. The ethnology of the historic Indians 
now furnishes a necessity preparation for an interpretation of pre¬ 
historic remains found in cliff dwellings and ancient pueblos, for there 
is much nude rial in these ruins which is identical with that still in 
use or which wns in use a few decades ago among living descendants. 
With some other areas north of Mexico we are not as fortunate ns 
with the pueblos. Take, for instance, the Mississippi Valiev, In an 
interpretation of archeological data as an index to the cultural his¬ 
tory of the mound builders, we should know the manners and customs 
of the historic Indians living in the mound builders 1 country hefore 

fitt 
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*• ' em in Jf a P pe * * iir] 7 Of prehistoric stages of the mound builders’ 
cu tore. T n/oi Innately the area inhabited by them Has settled so 
rapicm by the white man that these stories disappeared before their 
culture was adequately recorded and our knowledge of them being 
correspondingly fmpinntary. otir interpretation of the relations of 
i T mound builders is less precise. This is. of course, not universally 
V 1 ! 0 !l * tribes, The Jesuit lielnrions abound with ethnological 
< uda. ie busk or fire ceremonials of certain Mississippi tribes have 
twen described with great completeness, a If hough not in sufficient 
' ct,n , Historians tell us of wooden idols and fire temples used in 
' _«te ritci., hut neither pencil nor camera has transmitted to ns a 
picture or photograph of them adequate for interpretation. There 
eaii ^ ardlv lie a doubt that the mound builders performed fire cere- 
moninls possibly as elaborate as the iTopl, but as no one lias ade¬ 
quately described them, we are obliged to rely on objects to supple¬ 
ment our knowledge of them. 

The mystery of life made a veiy strong impression on the minds 
o primitive men and efforts for its perpetuation arc prominent in 
most ceremonies of the Hopi ritual, The nature and cause of life 
early became a Fubject of speculation end was ascribed to a supernat¬ 
ural origin. Lite was recognized as characteristic of man, animals, 
plants, ancl nil material objects and forces. The Hopi looked to 
objective manifestations for an interpretation of life, but regarded it 
chiefly as a manifestation of magic power. 

Hit being to (he primitive mind u form of vitality, it whs inter¬ 
preted by the Hop! as a living being j its continuance, came to occupy 
a prominent place in their rituals. The mode of influencing super- 
niitund beings for that end made up the major part of their religion. 
The relation of the sky god to universal life has already becmlis- 
cussed,i and in the present article an attempt will be made to show 
t ait lire rites among these Indians have somewhat the same meaning 

Sum worship and tiro worship have identical ends in view and many 
rites m common* 


In Hopi fire rites we have one of several modifications of the 
purpose of their ritunl^to perpetuate life-but the 
thnm/t i !. mosa,c of clft0 ^ with individual differences 

'?» ;u-wp«(s« u won „ of 

historv even to the time _i_ n ^ *t, 10 i’^ 1 ’ Bn< * oxtcn( ls beck in 

-- - - time vbcp culture of the human race 

• 4m, Bw. BouehiMim la.L'mt -—- - - 

pfactltt*, r " tri i3*pSrt th* atorErtn*! 
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originated, A study of it is important to the culture historian on 
account of its archaic origin. 

The primary object of TTnpi ceremonies is shown by the prayers 
at the winter solstice ceremony when many sacred feathers or 
symbolic prayer offerings* are tied to almost everything the Hopi 
desires—human being?, horses, donkeys, clay imitations of sheep, 
goafe. rabbits, antelopes, deer, peach trees, imitations of eagle eggs, 
etc. The wish expressed when one of these stringed prayer'feathers 
is presented to an individual is revealed in ihe following words of 
the giver: “ May Katrinas grant you all blessings,” ami blessing 
among the Hopi always mean that crops may grow and that life may 
he perpetuated and increased. Thera is likewise a connection of 
morality with some of their prayers. I have often heard the priests 
halt as they droned over their ritualistic songs it ad exclaim, u Whose 
heart is bad! Whose words are leaving the straight jmth i ” and 
then they soiTowfully resumed their snip, showing a connection of 
conduct to the eflicaey of their prayers, but as a rule material good 
is the aim and ethical conduct is secondary. When they say,“ l\Tiose 
heart is bad? ” they may mean, “Who is not doing his prescribed 
ceremonial duty and through this neglect is thereby rendering the 
whole ccremotiial futile f ” 

As the Hopi regard fire as life there is naturally in their fire cere¬ 
monies a connection between the creation of fire and the procreation 
of life. Hence it is impossible to adequately understand the new 
fire rite without considering Ihe symbols of fertilisation and cere¬ 
monies connected with the perpetuation of life. 

A supernatural being among tlm Hopi has several names which 
are recognized by some of the priests as attributive but which the 
ignorant regard as different gods, considering every attributive name 
as a distinct deity. This multiplicity of ntimes tends to confuse the 
student of mythology in comparative studies. It imparts so great a 
complexity to legends in which they are mentioned that it is not pos¬ 
sible to recognize in nil cases the nature of the being of which they 
arc designations. The cause of these many names for the same god 
may he trneed to component clans which may have perjjetuated in 
mythology ancient words that are otherwise extinct. The secret rites 
of one priesthood are carefully guarded and are generally unknown to 
another, 4 

< TIiliuuii^ Of irW fcnfbfr* are ntniir iltiHticr eiwr winter uvlxtlc* rtEjil *»r*rr 

II rip] LiflPE itsurtn fn tilw jirajrn for blrf*ln*r 

PFiwtF Save Ttp+iUdb Wflmc4 tft* Histtior Dot to rilmltfr lhe wzmta cf th*' 
WaSpI kirn* to the iW'fcnli of the ndj^borl n£ purblo, ft* n» r nmJ rtr* Trm, nor do ftcr 

wtlli tew on tmhUc GXhtMtB of picture* trf alEnte In one rttr | D P r| Ktl in ftdQtiH , r 
linrt fcflorledatf Of secret tJiinjffi Phoulil torome ewiiUflto-tl, K*|H*Ll r Eh c fonne-r imeko cfaftff 
fit Warpl. won hi toot ml** Hw Middle Mwa mfe* fet™ 1ml that he tnoHr 1ft tk 

iif It# rite* rtf ttu? KQiiJcr frnti'mltJoi of *uy pueEilo hut M» Thla mnxj tmr issplel^ 

tile errohcOUt Inform a tlera on llnpl Riuike daneffi ih&l ft often printed. Jta »m- tnat ft 
ranlce priest koo'vir Anything aiioul lit* iinke ilijin. m 3 *00*5 of ibfnj nn oafurtilir 
With rum fly ifctltlUl. 
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Accompanying lire worship, or more accurately speaking th* 
worship of the magic power of life „ s exemplified in' Gre, is its rura- 
tlve claimed by those who maintain that since thev are able 

to create fire they can likewise control it. Certain fire priests, as 
, 1 ft *' rf b pfwwca healing itttd claim they are able to cure diseases 

i ijl h. fiii! by thi> control, As fire and heat are both manifestations 
1 ^ ' * er ^ nn diseases whore the body shows more than normal 
beat licking lo the category of those, diseases that the Yava olaim to 
ltt 1 ril, '*-hotl ‘ s simple. They offset the magic jKtwor of fire 
on i lie human body by the application of their power by means of 
rhawttl or ashes applied U> the part affected. These remedies being 
prophylactic are m some instance curative, but to their minds the cure 
in. e ex let by nym pathetic magic rather than by scientific medicine: 

. *JP* n nation of the cure being, of course, the influence of the 
mm 1 1 of the patient over his body- 

list 1 incredible stories told by these Yaya priests, in which they 
recount their mastery of fire, find a fertile soil fa r exaggeration in 
the imagination of lim hearers. The demonstrations of the priests 
who make the fire are such that the wonderful stories that thev 
ran control fire are readily Sieved, and those stories lose none 
of their wonder in transmission from unc age to another 
The weird nature of the dances that were formerly celebrated about 
the hre. after It was kindled in the open, may be judged from (he nc 
company, ng figure ( P J. 1) of the Vuvaho fire dance, reproduced from 
Doctor iVadimgton Matthew’ Mountain Chant. TWHopi and 

i L . i,“ J IUt ,[ in l ’ rrner da >’ s > in l!lc performance of similar 

thc "™*» fi ™ ^ *** 1 

r l *■ 

tutored mind of primitive man, dnwi the ^ un " 

„f 6* and light,™ .veil M th "’ ,X * TjS^^^T 

the generation of life leads to * , rcIatlon U ‘ 

power of thc earth. Th* £*£ *e dement 

expressed in the term “Mother Earth ’’ t ^ - 19 tnot ^ tI ! Fl1 * t 
earth poorer existed in most t 2T T**** ^ 

its creation figures little in Hrmi Wp,, L v ' C . 1 f nt * ' n t ^ at 
of the earth deal with a pmonatinn ?/ y . ls of thc ori ^ n 

«*. JTTaiiJ ‘ 

beings repeatedly occur in mythology' and afT. r 7*“®° 

urination. ‘ * ^ * fford da ta worth e.^ 

The Hopi have two new fire cercmonim: ™ „ 

other at or near tlw summer solstice The mI ?' r>vembcr < 
vunber new lire eereto OT y, ho, an abbreviate] 


Smirnionian Report, 1920—Few kea t 



mavajg Fip£ Dance, from Dr. Washington Matthews. 

FnmpftU)Uji|( hy UttiMfti N. Urujolr, 

























FIRE WORSHIP—FEW KES. 


593 


presentation,'’ the former annua), the latter quadrennial, the great 
difference being mainly in the initiation of novices in the latter, 
while there are no initiations in the former. It is commonly said 
that the kindling of the new fine opens a new cm, or a new round 
of festivals, and ns it is abbreviated or elaborated the great nine 
days’ ceremonials that follow throughout the year are simple or 
complex. The ceremony lias the same relative importance for the 
Hopi as the kindling of the fire at the end of the Aztec cycle had 
to the more highly developed aborigines of Mexico. 

The November fire rites and attendant festival at Walpi" extend 
over nine active days and nights, and are performed by four sacer¬ 
dotal fraternities, called the Kwakwantu, the Tutnukyiunu, the 
Aaltu, and the H’uwfiirimtu. Each group of priests has certain, 
specialized secret rites of its own nml performs public dances. The 
new fire is kindled in only one kiva and all members of the socie- 
ties are participants. The new fire is ignited by the frictional 
method and is transferred by means of torches to the other four 
kivas in the village. 

Two of the fraternities, the Kwakwantu and the Aaltu, kindle 
the fire, the former using a stone (pi. 3. fig. 2) for the hearth. The 
chief of this society personates the Fire God, and wo may regard 
the whole ceremony as under its direction. The second society, 
called the Aaltu or homed priests, are associated with the clans 
called Ala (horns), which are traditionally said to have formerly 
lived in cliff houses in the north. This priesthood wears imita¬ 
tion horns of mountain sheep, and in some of their public rites 
imitate the motions of the mountain sheep. Their supernatural 
is the Germ God, Alosaka, and they have- a wooden imago or idol 
of TaJatumsi of the same nature. 

The Ala, Flute, and Snake elans are closely associated and once 
inhabited cliff houses at Tokonabi, o« the San .Juan and its tribu¬ 
taries. They were among the ancestors of the Hopi, b eing the first 
to settle at the so-called East Mesa of the Ilopi. 

The Horn Society erected on the fifth day of the new fire ceremojiv 
an alter of simple construction on which were set two chieftain's 
badges. A layer of valley sand was sprinkled on the floor and at in¬ 
tervals on its western border at equal distances were heaped up four 
mounds of sand. A single prayer stick was set in the apes of two of 
these mounds and each Horn priest placed a stick with attached 
feathers in the same hillocks. Between the mounds of sand were 
placed ears of com of many colors and on the floor before it a figure 

*T1ie* *e oceur In tint same moatli »n4 »r* not Ilk* fib# abbriu-tartui ami ^bomDc saiko 
<Uno*« that take flf *m m\% nranthA ifKTt, 

*Ttwrc wm prafcelrij tifV fir* rmmcmJM In other Hopi pcrrtttos bqt nemo nf tfomn tmv,. 
ttrr Wn dfscrikih 
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of a rain cloud wa b made on the sand m meal. This alter, ft view of 
which is here shown {pi. 2). is replaced in the elaborate new fire 
ceremony by one with an upright frame decorated with symbols, 
hut the simplified form reveals its purpose. This is the altar of the 
God of Germination and the rites performed about it have a similar 
intent to those of the germ altar erected in the winter solstice cere¬ 
mony at Oraibi which has only one sand mound and the ears of 
com are replaced by cones” representing the germ god. 

In corroboration of the claim of the Horn priests that their fra¬ 
ternity originated in the north, we find many plctograpbs of the 
mountain sheep and men with horns on their heads playing flutes on 
cliffs near the cliff houses of the north. T We likewise find objects 
made of basketry with two horns that may have been former head¬ 
dresses of the Horn priests. The Aaltu kindle the new fire with 
wooden fire slicks similar to those found in cliff dwellings. 

The remaining two fraternities that observe the November fire 
ceremony serve as chorus while the fire is being kindled. I ho ances¬ 
tors of the chief one of these, Tataukvarafi, belonged to the tobacco 
fltTi and come from the historic pueblo, Awatobi, many of the in¬ 
habitants of which were massacred by the other Hopi hr 1700 A. D. 

A few uninitiated men and all women and children are debarred 
entrance into the kiva during the new fire rite, but almost every male 
in the village takes part In the ceremony. 

The new fire ceremony is not only the most complicated among 
the ITopi but its many component rites are the most difficult to 
explain. The old chief once told me, “ There are many things in this 
ceremony that I might explain to you if you could only understand 
them, but you can not.” Alas, too true! The author believes the 
mind of the white man is unable to think along the lines of the un¬ 
tutored Indian and therefore it U most difficult for on Indian to 
explain esoteric things to an ethnologist. 

There is probably no more complicated or solemn ceremony In 
the whole Hopi ritual than that of the new (Ire. f)n the day when 
this fire is kindled nil other fires in the pueblo are extinguished, 
and the streets are dark and deserted. The women and children 
secrete themselves in the houses and most of the men of the place 
are in the fcivas engaged in the rites. All the trails to the pueblo 
are symbolically closed: no living thing Is suffered to cuter the 
place. 1 he symbolical closing of the trail is on ancient custom. 
When it is said to be opened prayer meal is sprinkled lengthwise 
along it but when closed a meal mark is drawn at right angles to 
the pathway, ffo one is allowed to cross this mark with impunity, 
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a custom which is very old, having been described by Castaneda in his 
account of the evenfs that look place when the Spaniards under 
lobar approached Awatbbi in 1540, Formerly anyone who passed 
a closed trail was liable to Iks killed, but now no knowing one enters 
or leaves a pueblo thus dosed. 

On the day the fire is made piles of fuel arc deposited in all kivug 
and households to be lighted after the sacred flame lias been ignited. 
The fire is sacred; it was not allowed to go out until the dose of the 
festival, and no one might profane it by secular usee. 

A brief description of the fire-making rite in the chiefs kiva at 
Wrtlpi is as follows, hut nil proceedings during the nine days of the 
ceremony having been elsewhere described need not bo repeated: 

As goon as the participants had entered the kiva the tire makers, 
squatting on the floor by the fireplace (pi. 8, fig, 7)* fitted their lire 
drills into the depressions of the firestone nr firoboard, and when all 
were ready the other priests stood while llimi recited u abort prayer. 
Each chief held before him the badge of his office and there was a mo¬ 
mentary silence, until it wlis broken by Htmi, who gave the signal 
and the members of the chorus began to sing. The Kwakwantu 
accompanied the songs with the clanging of bells, and the Aaltu 
rattled either hoofs on empty tortoise shells- They appeared to sing 
different songs antiphonoHy, some of which resembled those of the 
Snake priests at the washing nf the reptiles in the Snake dance. 

Almost simultaneously with the beginning of the singing the fire 
makers began to rotate their drills corn pollen having been dropped 
into the slots of the fireboard or firestone before the drills were 
inserted. The drills were held vertically between the palms of the 
hands and in rotation were pressed downward* A second man re¬ 
lieved at intervals the one who twirled the drill and smoke was 
produced by the Aaltu in 2d seconds, followed by a spark of fire in 
about a minute. The Kwakwantu, whoso fire hearth was n stone, 
produced smoke with their fire drill in 1 minute and 20 seconds 
and a spark in a minute and 50 seconds. The operation of twirl¬ 
ing the fire drill was the same in both societies—a man held the 
board firmly in place to the floor while the fire makem relieving 
each other every 15 seconds, rotated the drill. Soon there was a 
smudge in the cedar hark which was blown into a flame with the 
breath* I he fire makers rising as they did so that nil might sec the 
new fire. The songs continued and the burning cedar bark was 
transported to the fireplace, where the flame caught the twigs placed 
there for fuel 

When a good blaze resulted each priest stood before the fire, 
raised n pine needle tied to a string to his lips* and having said an 
inaudible praye^ dropped the pine needle into the flame. The man 
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perMiuiting the l ire God responded and all indicated their Batie- 
faction by the expression, “antes!" 

A ri»rr. h lighted in the flame by p courier, wlio hurried a way 

„ 11 , to 5111 t!ie nth( >* kivflfi and art on fire wood 'hilt har! been 

collected m the fireplaces. This wood when ignited wn S from time 
to tuns renewed and burned until the dose of the ceremony. Ko 
one was allowed to profane this flame for secular purposes, and on 
the last day of the ceremony the ashes were carried bv the different 
societies, generally in watermelon rinds, to the west riiu of the mesa. 
* ,-re they were thrown over the cliffs with pinehc, of prayer meal 
the hie is not kept burning for any great length of time after the close 
of new ^i-e rites in Hopi Jdv^. 

The events Itilt-nring that on the night the sacred fire is kindled 
Illustrate its connection with a renewal of life. The Fire God. besides 
aing a god of life, is likewise the Skeleton God or God of Heath 
?“• his realm, like that of tin, Sun God, Is the underworld where 
tiu the breath bodies of the dead when thev lea ve this earth Offer- 
mg* are earned to the shrine of the Fire God. which is situated in 
the pkin went of the pueblo, Sear it a firs i* built in fire reremonies 
ami m it otrenugB are placed- 

One idle played by priest wearing imitation hornaof the mourn 
I am dieep, on which account llicy are called the horned priests 

;y;rr e ; lh \ ate t,m W***'™* <>i an ihd called Tulotumsi’ 
2£L* iSi J“ ashrmeamoug the recks in the foothills near the 
Uairway trail to \\ulpL This idol (pi. fig. £) is brought into the 

during L \ I i ’i T0ni pHcstS ' Rml ?**?<** »*] to it 

” T 1 Tt r 'ii neW hrt wreR1 ™'^ W the rasmbere of this 
L,, t .‘ i 1 h ”!'the same conception as the two idols, 
ZV ' tbat formerly had a shrine in the recto at the base 

<-f the mesa on which the ruined pueblo Amtbfai now stands. Thev 
w-re removed fram thair shrine about 1 m and are now used bv the 
Pn.,l- , d r,, MeFile Mv, :i , , |S lmrt of tl.i.*]roll 

“ rav *~" m ■ i '*" w 

fi r=r*ax— 

of sex „™hip or pWlicta. ■ *•“ a«T 

It is well not to give a realistic cWrlro;,,,, 
sion of these public dances accompanying ih/l'f ^ 
but the reader who may have an intere Mt, *t ■ lrc fMrcnit, uy. 
article on the new fire at Walpiy he *° "5 
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Phallic Dance of the Tataukyawu. one of the Fckjp Fraternities of fthests who Celebrate the 

Hon New Fire Rite. 
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These Two- Men Represent the Altcaka or Priests who Personate 
Mouhtaih Sheep in the walpi mew Fire Rite. 
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lmnds. ,# The acts of this society and the nature of the symbolism 
leaves no doubt of the meaning of the rite, a counterpart of which 
occurs in the dances of the sister society performed in October in 
which decorated slabs arc carried in their hands, 

On the dosing day of the new fire festival, before they dispose of 
the fire embers, an event occurs which embodies the explanation of 
tiie whole ceremony, Early in the morning six young men of the 
flora Society, wearing their typical costume (pi. (S). touk nil the 
nakwnkwoci or prayer feathers from their own kiva and went in pairs 
to all the other kivus, where they were given like prayer object* of tin- 
other societies. The disposition of these prayer objects is the .signifi- 
cum [joint. Two of the couriers went to Dawapa or Sun Spring and 
left prayers for the .Sun or Sky God, two went to the shrine of Tala 
cumsi, the lVnlpi Alosaka or Germ God, and two went to hcruldkhrine 
from which on account of its exposure to hosliles the Hopi removed 
bei' idol many years ago. The Sun or Sky Cod, the Fire God, and the 
Gods of t iermination are those to whom the Ilopi direct their devo¬ 
tions in their new lire ceremony, and in the shrine of these they depot* 
their prayer offeri ng on the lust day of the festival. 

Iilnls representing the germ god known as Aloeaka may bo con¬ 
sidered at tliis point. We know of two of these Aloeaka idols from 
" shrine near the ruin, Awatobi, which have been removed from 
their ancient fane and era still in use at the Middle Mesa. 

These idols nro instructive as showing the antiquity of the Al.wuku 
cult. Another evidence of the prevalence of erotic dunces at Awatobi 
in honor of the creative power of nature is cm Awatobi bowl, nn the 
inner surface of which is depicted the dance of the Tatsukyrmiu, tl 
society still strong at Walpi. From the nature of these designs they 
ure not here reproduced, but they support legendary evidence that 
this fraternity was .introduced into Walpi by Awatobi dans, the 
female members of which were saved at the massacre of this puehiu 
in the autumn or winter of 1700, A* corroborative also of the 
existence of this prominent priesthood in that ill-fated town is the 
legend that the Mamarnuti,” a society in whose ceremony persona¬ 
tions of the Tataukyomu are also introduced, was also derived from 
Awatobi. 

From drawings of Alosaka on cult object* (pi. 6) and the rites that 
are performed before altars in which these figures are the central ob¬ 
jects there is little doubt that Alosaka worship is simply another name 

" Wooden phalli in i flfr dunce of Lhn t’lnu-Mul«|t« fmllittj, mi Cana Cnntle **, 
by Mt. f1“t!>crt Brutus, Aster. Aothrop,. rot, S, Ko, *. Stons plislji 
jMi-t.'d front rqlan la Lh« Gila Valley and were frotmltljr uwnl Ed the Or* daflcr-J of tli« 
bsllil^ of Cffaft Cinnuli'. 

“The Mtuomuti: 4 Tu^an rttrtnotij, Amer, Anthfcfl^ Voj. V. No. 3, iai)2 r Thli 
r-Jatorut. frail i-al p formerIj of nine (Imj* 1 tlur&Uw, ban. ritlnct Eti Wm^ Hluoe my 
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for worship of the Genu God. The h^uruic used in the November 
new fire ceremony is culled TalittumsL, related to Alosaka, imd is 
under lire care of a group of priests called the Aaltu, who take the 
prominent part in that rite. 1 " Of this there is linguistic evidence, the 
dement aid, the first component in Aiosaka and Aaltu, means horn, 
and the priesthood someiimts called the Alosaka wear mountain sheep 
horns (pL 7) on their heads. Their idol, called T&Intumfij, is with* 
out horns (pi. 3, fig. "2} | and is ordinarily kept in a walled-tip shrine 
situated at the base of the IValpi mesa and is one of the most im¬ 
portant idols used in the new fire ceremony. Another ictol used in 
tids ceremony has no human form, but is simply a log of petrified 
wood (pL 8, fig. 6) kept in an open shrine not far from the trail 
to the Middle Mesa. This idol, called Tuwopontumsi, is never re¬ 
moved from its shrine, but shortly after the making of the new fire 
is visited by the priests for prayers. While Talatumsi is related to 
the two wooden Alosaka images of Awatobi, the log of fossil wood 
(pi. 8, fig. 5) may represent the hideous sister of Ma$»wu, God of 
Fire. 

There remains one other personation which needs definition before 
wo can understand the Hopi fire cult, and that is a being known as 
fttosawu, who is sometimes called the Skeleton God or God of the 
Dead. This being is also called the God of Fire, which is equivalent 
to calling him n God of Life. The incongruity of calling the same 
being god of the living as well as of the dead may be explained when 
we point out that the living breath bodies inhabit his realm, the under* 
world, the future home of those whose bodies have died. The student 
of Hopi mythology finds several such incongruities in names of super¬ 
natural personages. 

Among the Hopi, as among many people in primitive culture, the 
great elemental gods have many names referring to attributes. These 
are synonyms often descriptive of personations, and if these name# 1 
were taken to indicate different gods, we would be led to believe that 
they have a pantheon far greater than they do. A study of the sym¬ 
bolism of idols shows that many of these names are eponytns. The 
knowing priests sometimes understand this and the comparative 
student may often equate these names by studies of colt objects, altars, 
and effigies- ft thus happens that the Sky God may also be a god 
of life and have received a special designation as the dominant person¬ 
ality in a fire ceremony. 

On account of the fact that the Hopi population has descended 
from increments that come from different directions, they have rites 
for the same purpose that differ in detail There are two fire cere- 
monials—one already referred to, performed in November, introduced 


^ The HfllwiHfv hot Gf* tf't+mmj, % now it » . --- 

by bf tt <l l> d**nt*4 lb u, j nara . AJU. Foli-Wr. Vol! I 4 B 2 !™ 






Smith wnSfth Rwt, two—rawlwt. 


PLATE 7 



HELMET WOFlPi ST k HOflti PHsESt <AaLTU> hPi PERSONATION Of THE TtfCHJNTAiM 

SHEEP, 




Smllhianfaq friHwrt, ISM— Ftwka s. 


Plate fl. 



Hopi New Fire Pahaphernmm, 

1 , Hit hmJtn marta or ’"'nraj■ 2. flr* ln^th ibi^j. of *Um?- ^ ni __ . . . _ . . 
nuuikoliu -kTA nJlu « horn mmj ;& P hriam oribr Kwakwaiitii hiJi ^ rTh J 
0.!ihitaw ^r«*rth uHu-ddir-tbEiT. 7, iHnlltai of nr* flrn * off ^ JV™" 

firfatt, e, ^l*ak™u^. KwAkwuito -ii, AttwlL- (but ! Si- f ir, «Vf 

tfeiai* EnnlliUrvfifltfi fc a AIopdMh t, * a ftp® httrUtt. Mojjdef V ^ } ! ™ J ' Q ni “" s Jnaboi Ol«n- 


4, 

bri 



























fire worship— 


599 









d yf T h, : , c .-w flrt' Ftttti of aiij of Use purbloa of ttr Rio Gtfttitia blti to«5 laCBdesUr 
^Tlt 0e5tfltod tor compprifloai. 

M Tsfo of lb*H. k &bjwta folifld in the cUH BuMta of the Chellj (Vnj™. now in tfw Brook¬ 
lyn M:irCMi:n. Iirtve been. dwcfftteft la X he Amtifku AntbropoLafLit' n + *- Vol VL|I. Nfc I, 
UK*. 


by clans from Awatnbi, ntid another* quite different in untune and 
origin, d&d the Sum&ikoli, which was brought from the east unsl 
south. The dances following the net of ranking new fire in the latter 
aite much simpler than Lhasa m the former. The SuniaikoJj does not 
belong to the undent Hop! ritual but is n later addition and is akin in 
nk me and nature to personations in the ritual of the Zuiliand 
pueblos of the Bio Grande. The masks worn by the personificatit 
of ^iintfuknli fire rites indicate this relatiocLHhip very plainly and a 
row in Use accompanying plate (pi. 11), forming ft nul 
miuv uiiiuru which the rite of the new fire is performed* After the 
rite is performed in u secret room the fire is carried by means of 


m. 1.—Frann-irorlt rmtllfi fattn.4 111 a CilJf hPUM In Chtll? Cuajiui, K. Udi. A ri«Utiir 
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torches lo piles (if firewood and bonfires art kindled in the pueblo 
around which exercises are performed by a priesthood called the 
Taya, now practically extinct. The masked man who carries the fire 
is called Kawikoll, and the Yaya priest who accompanies him bears 
a imiijiiB wooden frame for a rattle (fig. 1),'* 

The Hopi method of kindling the ceremonial fire is by means of 
a wooden fire drill and heal th. The hearth has a series of pits near 
one edge, as shown in the accompanying figures. (PL 8, fig. i.) 
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Similar fireboarde have often been figured without dob on the 
side of the pit. This dot is essential and if* necessary to kindle Lhe 
fire successfully, as through it the spark falls on the tinder placed 
under the hoard. The fire when kindled is >■ tiered and must not be 
polluted by secular use; no one may light a pipe or eigarette from 
it: it is customary for the priests to deposit the ashes of the ne*v 
fire in a special place, and when that is done prayer meal is sprinkled 
upon these. These ashes are carried in fragments of watermelon 
rind. The fuel used in the ft replace to feed the sacred fin me is also 
prescribed* The snrred fire is l:»ome from one sacred room to another 
or to the four shrines, north, west, south, and east, by means of a 
torch “ made of cedar brirk. 

Every man on the East Mesa belongs to one of four fraternities 
that take part in the ceremonial kindling of the fire. Two of these 
serve os chores, while the other two rotate the drills- The same so¬ 
cieties celebrate the sun serpent drama at the winter solstice at 
Walph which, of course, is significant and incidentally shows the 
southern origin of the rite. 

The Fire fiod b the chief supernatural being personated at this 
time. It was my good fortune to study this personation in the winter 
ceremony, and a description of him and his acts at tliat festival is 
important in u revelation of his characteristics. 

The advent of the Fire Clod to which I refer occurred ut night 
and on the evening when this being appeared all fires in the pueblo 
were extinguished, doors of the houses were closed and everyone, espe¬ 
cially children, retired to the rear rooms and not a person was seen 
cm the street. Word was passed around the day before that all 
should keep indoors, as it was bad to look upon this personagn os he 
parsed through the pueblo. The priests gathered in the kiroa to 
await his arrival. In the ki?a two helmet masks made of n huge 
undeeunitetl gourds painted black lay on the floor awaiting the ad¬ 
vent of the men who were to wear them. The surface of these 
masks was undecorated but covered with glistening ndcacemitf 
hemal it*. 


The Fin? Clod was represented (pb fl, fig. 7* <m) when the fire was 
kindled in the new fin* ceremony in November. At that time he was 
unmasked and jwreoftated by a man concealed tahitid a bln rake I held 
l«y two rL^tiifiK When the new flame had t*en transferred to the 
fireplace the blanket that concealed him was dropped and he stepped 
forward and dropped hit, offering of pine nwlks into the sacred 
flames an ail followed by all the associated priests. 
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I have seen the Fires God personated in the winter solstice cere¬ 
mony, when the assembled priest# gathered about u low fire and 
greeted two representative of th k being with prayers. Each bow 
u*i archaic planting stick or dibble and wore black gourds on 
their bunds; they knelt on the floor in the attitude assumed by 
the Ilopi in planting, and went through the motions of a planter 
depositing seed corn. At the conclusion of t bin act all present 
prayed to them for abundant crop*, after which they left the lava. 
The new fire was not kindled at this time, but the lire gods assume 
the mle nf the planter, os the uytuboLiani plainly indicates. The 
prayers to them were evidently for the -ame purpose as those to 
the sun for the growth of the crops ami the fertilisation of the seed 
com. 

Subsequent to the Are kinding I followed two of the societies which 
made n pilgrimage to the site of old Walpi, called Ash Hill Terrace, 
situated at the base of the mesa on a terrace at its west end* Mounds 
indicating a )arg^ rain murk tbiasUe, and around these about mid¬ 
night the procession grojkid ka way in silence. 

4fc Down there is the sipupu, where they dwell/' said a priest, point¬ 
ing to the earth: u there the ancients dwell. W*arc now paying rever¬ 
ence to them.* 1 Then they prayed and smoked, after which the diffs 
resounded with loud shouts* cries, and rails of unknown meaning. 
The proce&don of priests then filed away to the neighboring shrine 
(pi. i, fig 6} containing the idol of the “ Earth Altar Woman/* 1 * 
rcpm^tiL ml by a log of fossil wood anrrounded by a low rude stone 
wall Tliese exercises took place at the dead of night, with only the 
s tars to witticf® what occurred nt these shrines. 

On the east side of the mesa below Walpi, near the northern point, 
there descend* a precipitous trail which is known as the ladder trail, 
from the fait that formerly a ladder stood on its steepest part* As 
that trail runs along the terrace of the mesa it passes to the right of 
a huge bowlder in which is eroded a cave, walled in front. This ia 
the shrine, of a god of garni# called T&labutm, 1 * who.-v womlett idol, 
clothed tn a white ceremonial blanket (pi* 9, J]g. 2), sits there through* 
out the year. To it annually the new fire priests make offering. Lot 
quadrennially it is taken from its home and carried to the mesa top 
by one of its priesthood named the Alofinka or Horned Society. The 
identity of the name of this prit&ihood at Watpi with thnt of the 
idofa at Awatobi lead me to believe that the idols belong to this pricFrU 
hood* 

As this figurine plays an important role in the a vents following 
the making of the new Are, it may Iw w*dl to consider somewhat 
specifically who it represent#* It b in the special custody of the 

*Ta»n. **rt b: pwm. ta* *t#*r vfatt. 
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horned priests, whose chief transports it to the kivas uml returns it 
to the shrine on the days following the ceremonial lira m u (rin g, Xlie 
two idols with horns on their heads had a similar shrine under the 
i-iun AwatobL These idols, now at the Middle Mesa, are coded the 
Alosaka, or the Gods of Germination. There is entry probability 
mt Tiiiiitumsj, like AJosaka, is tile supernatural being connected 
with germination. In the winter solstice ceremony at Ornibi a screen 

* iv^t 11 f ^13M8 of Alosuka is painted is introduced, and 
ut n ulpi figures of Alosuku frequently occur when the God of Germs 
is represented. 

Many references to this supernatural occur in legends, and the 
emit is vigorous iu all the Hopi pueblos, especially at the time of 
the new fire certoumy. Although their idol represents the Germ 
God. n is not the only objective representation of this lreiug. 

in many Hopi altars the Hop! have u “cone " made of wood or day, 
iie 6l|l ' iBiT often mlaid with a mosaic of maize of different colore 
remotely resembling a half ear of corn. The surface of these tones is 
sometimes painted to resemble corn, or they may have terraced repre¬ 
sentations of a ra i n cloud attached to their tops. They rep resent Mtiy- 
mwu.M'bich appears to lie another name for Alosaku. the Germ God, 
ihe significance is !«st shown in the winter solstice rites at Oraibi 
where these cones are placed at the ends of lines of sacred meid on the 
kiva floor. A man personating a bird (the Sky God r) stmts are,m i 
the rtsjtn, encircles these objects, and leaps 01 er them, while the priests 
sprinkle the cones with meal, symbolic of prayers for growth of crops 
, rd mini ant rain. The many other rites: that arc performed with 

!” objects indicate that they are regarded with great reverence 
limy are survivals of very ancient idols, as several similar objects 
made of stone found in diff ruins on the Mesa Verde are so similar 
m form that they hate been regarded as practicalJv the same 
tt np b. -Jd that this fonu of idol iathe only one used L, common 
by Cliff dwellers and modern Hopi. The elaborately carved 
images of anthropomorphic form that figure so Mnspicuouslv on 
llopi altire are not recorded from the diff dwellers, nor have we vet 
found examples of the com plicated forms of attar uururiite n t fi 
W a pi altars, which lead me to doubt whether the pwtusforio tmehl 
used elaborately carved figurines. It is much more pi5|£'fiS£ 
figurines were suggested by the son to* introduce hv CatSUfo. ? 
fionam*. In the Wnlpi nkareof the Snake and AntLit nSh !f 
introduced by dans from the north there at* „ ! ri ^hooda 

figurines, but the snake altar at Oniibi has lwo JJ 1 «-o|Jonqorpliie 

images. 1 * 03 lW{1 anthropomorphic 

The upright stone dab culled the Buttcrflv Virrri,. n * A , 

of the antelope altar in the M’alpi stmke dan™ * ***** 8 ** n< ^ teick 

--.-*--snote dunce, appears to lie tTmU fl] 

Tl Onp At Umm wmrn a mtirf «|i aimlttr i* ^ u . h ---- _ 

m*y Ifr ih* Run Juan arm tmfth of lb* Hop*, * ****** KJtIil*f ^ ^ 
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ol primitive pueblos unaffected by white influence. Possibly the 
difT dwellers formerly hud elaborate altars the stone idols of 
which they carried away when they decried their eyrie dwellings. 
Sacred paraphernalia that could be moved would certainly be the Inst 
to be left behind, but the heavy stone idols {fig, 3) representing sw- 
liolioilly the (term God could not be transported far by a people with¬ 
out domestic an im als^ and, falling in the debris, are now* excavated by 
tlic archeologist The ITopi ceremonies which have the most elaborate 
a]tam ore ascribed to dans that came from the south and east, where 
the influence of the Catholic missions is most pronounced- 
The student of the winter solstice aim ceremony ut Walpi and of the 
new lire rite at the same 
pueblo is continually re¬ 
minded of their connection, 
said at Oraifii it is even 
closer. The fact that the 
same societies take prowl- 
nent parts in both shows 
the intLriiiiic connection of 
sun and lire worship 
among this people. It h 
perfectly logical from the 
point of view of primitive 
man that as the suu is the 
source of heat, atm rkes 
should Ik? connected with 
those of fire. The anal¬ 
ogies that associate heat 
with life are equally ob¬ 
vious to him. The Living 
human body is warm; the 
corpse m cold. Heal, life* 
lightt and fire are directly 
associated and may be re* 
ganled a&syiwnyms, Thorite of kindling the ne wfire is connected with 
tbcftSc for creation of heat The worship of the sun shares with that of 
fire ei common purpose* even if the rites of one or the other are more 
elaborate. Fundamentally* sun and fire worship are readily cons id* 

life and a desire for its production, 
rare worsmp or use tiopi t as shown by objective and other evi¬ 
dent^. originated in the most remote past, long before several other 
specialized cultural features, and possibly before the cultural modifica¬ 
tions which now' designate this tribe had developed. Il may be said 
that it had a prominent place in the dawn of religious customs and be- 


Fla * 2.—Slfifip fmm lint Vertli? pueblo, Fur 
View li&BBtv Kujspw^ to to u Isl&l or tb* B&l 
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I ie fo, Earl ieet man was equi pped w it h a knowledge of how t<p make fi re 
when he came into the Hcwdey Blounts ins, and no doubt had the same 
idea of the magi cal power of this element. We see in the complexity 
of details in their present rites the result of many centuries of develop¬ 
ment under the influence of many environments, hut throughout all 
>L]pertiriul changes there is the initial idea that dates? back to the time 
when liro was discovered imd regarded as life. The modifications in 
details of the fire rite are secondary and may be regarded as a result 
of local conditions- 

The culture of the Hopi Indiansis wholly American- It is founded 
*m the food supply, maize, a cent! that America gave to the work!* 
and shows the result of centuries of modification by a strictly 
American environment- The Hopi myths and rituals recognise un¬ 
mistakably the dependence of their culture on this plant- They 
designate corn as their mother; the baby when 20 days old is dedi¬ 
cated to the snu and has an ear of corn tied to its breast. A hoy 
initiated Into the tribe Iuls an car of corn for his mother. Every 
novice initiated into a religious fraternity has* m his symbolic 
mother, an ear of corn. The symbol of chieftainship of a religious 
fraternity is an ear of corn with appropriate wrapping which is 
said to hare belonged to the society when it emerged from the 
underworld* That of the Flute chief has a wooden base on which nre 
painted corn and rain cloud symbols like the germ fetish above men- 
ttoned, The chief culls it his mother, ami regards it not only as 
hi* most precious heritage but also as his official badge. 

The maids to whom myths ascribe the gift of corn are the superla¬ 
tive personages in the pantheon of the Hopi* and alxmt them clusters 
an elaborate ritual in which they arc personated. Idols of the 
'■orn maid appear on many altars sometimes realistic, often con¬ 
ventional, always synonymous with the Hopi God of Germs, the sym- 
Ijolic personification of the earth* A fetish representing this ??uper- 
natural is the Germ God and has the form of a gigantic ear of corn 
made of day* stone, or wood, or (minted with rnm symbols. 

The sll pomatum! being called the corn maid or Calakomana is no¬ 
where bettor personated than in the public dunces of the Mamzr&uth 
sometimes culled sifter society of the Tataukyamii* This pcricniation 
is shown in the accompanying plate {ph D}* She is also fcnm™ 
-c- the Pahihikomana and has other eponyms, but Cahikonuuiii fa 
the name generally used to designate this lienefiepnt personage- The 
pereonifirntum of this com maid is one of the most striking in the 
rites of the sister society of the new lire fraternities of priests 

Eire is directly concerned in the sociology’ and the evolution of 
.society among the Hopi The most ancient social unit recognisable 
?n primitive society is determined by the hearth and was composed 
i.r those who used the same fire. This family group may have been 


Smith wpIm I MO— F#w**i. PLATE 9, 



The Two Rioht-Hamo Figures are the Corn Maidens Palahikoman ass of the Tablet Dance. 
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what is ordinarily culled the clan, but whether the original unit 
was clan or gens, matriarchal or patriarchal, it was a group that 
used tho same hearth, The common fire was the bond of social 
union, and it is natural to suppose that a religious rite should have 
arisen among relatives dingily concerned with that lire. There would 
seem much to support the theory that the earliest house was con¬ 
structed by man to Bhteld his fire or a cave sought for protection or 
shelter of this fire as well as to store a food supply. We thus owe the 
beginnings of architecture to fire, and the social unit determined by u 
common hearth would probably date back to a tune when the social 
units called clans and gens originated, if not earlier. 

Among agricultural peoples the preparation of cereals for food, in¬ 
cluding the heat of fire for cooking them, need much care. The food 
protectors, or guardians of the lire, assume importance as an ancient 
features in the worship by a social unit determined by the tire. The 
lares and pennies came to bo specialized fetishes of tho “hearth 
units ” of society, and by analogies these penatre were ancestral and, 
us connected with the life or lire of the * heart h units,” were incipient 

lire gods, , 

V few references to the lesser new fare ceremony bring out certain 

aspects of the fire cult that are- obscured by the more elaborate 
ceremonies, Save in the maimer of kindling the fire, the lesser new fire 
ceremony, called Snm«koli, U different from that performed m 
November. The following event* were noticed ut Wnlpi on the 
single day of the lesser new fire ceremony of the Hopi. The tires 
was kindled bv frictional methods, using the customary fire drills, 
un ,l W11S later carried by a being called KiiWlkoli and other couriers 
to tho four shrines of the lire god. Previously to the net of kindling 
lire, the priests occupied their time in the manufacture of prayer 
slicks and their comatretion by prayer song, and, what is signih- 
cant. an invocation was made in Mother T'-arth called the &pider 
Woman. 11 ' wlmsc personality was symbolized by ft bundle of black 
sticks. The tiponi or badge of tho chief is regarded as the 14 mother 
of the priests,” The most significant portion of the rites is accom¬ 
panied with songs before the row of Suraaikoli masks shown m 
plate 11. During the songs the thief priest kneels on the floor 
by the Bide of his fetkh, puts his mouth near the sipapn or cere¬ 
monial hole in the floor near by. and yells to the Spider Woman 
several times the. to us, meaningless syllables “Tjv-a-helie-he 

The prayer sticks and the prayer fire were carried to the four 
shrines of the Fire God. Masawu, by as many couriers, each one of 
whom WHS naked and carried a cedar hark torch lighted at the fire 
ncwlv kindled in the kivn. With these lighted torches m one hund 
the carriers shouted as they run through the pueblo and rushed 

•Sak7M-W«Ktl. uwrtlwr *' '■» l,BS IL,t of °« ,clfm,IW ‘ °* **" ^ 
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down die trail t© the shrine, situated in the footUills west of 
the pueblo. When they arrived there they placed the prayer sticks 
in tlie shrine, and having hastily gathered a pile of such twigs and 
other bib of wood us were available, they ignited it and tlion 
hurriedly left the place, making a quarter circuit of the mesa to a 
second shrine* situated west of the village, where they nmde a second 
fire, and so on until l hey had made a circuit of tiro mesa. 

As recorded uljove in the account of the greater rites* this fire 
is produced by friction, or, as commonly explained* by rubbing 
together two sticks. But sufficient heat to produce fire can not be 
produced by simply rubbing two sticks together* They must las 
placed in such a way that the friction is concentrated on the smallest 
possible surface. Quo may mb two sticks until the muscles refuse 
to respond and not oven produce smoke* CpaaeqneutJy, the invention 
of fire making was practically how to produce heat by concentrating 
friction at a. point This was accomplished by primitive man in 
several ways, and among the majority of our Indians it was by 
rotation of a rod held upright in a depression in a hearth held hori¬ 
zontally- The twirling motion of the vertical stick is accomplished 
among the Hopi by the palms of the hands, the friction necessary 
for heat being produced by a downward pressure of the hands. The 
heat thus generated by friction is great enough to Ignite some tinder, 
as corn pollen, and by this primitive method fire is made in n very 
short time by expert celebrants of the new fire rite* 

The two lire implements or sticks by which fire is generated are 
supposed by the Hopi to have different sexes: tho fire drill is male, 
riuj lire board is female-” 1 The fire, therefore, is generated by a union 
uf male and female objects, and in this particular the analogy with 
life is preserved* In ceremonial fire rites com [Killed is added to 
the slot where friction is generated, which Is highly significant, 
Fite, like life, is generated by the union of male and female elements, 
and the way of making fine is symbolic and directly concerned with 
the Hopi interpretation of fire sls a living being* But this rela¬ 
tionship comes out in the clearest light in the association of rites 
of procreation with those of fire, which appear in the summer fire 
ceremonies of the Hopi. In these rites w© recognize h worship of the 
generation principles of nature similar to that which occurs in the 
woiship ol mother earth and father sun* 

We have in addition objective symbolism and ceremonies that have 
been transmitted in the form of myths. These surviving explana¬ 
tions are preserved in linguistic and philological data by which to 
check up interpretations by living devotees* The condiisinns arrived 
at by a study of ill© mythology ns told by priesls, although of great 

" UilKiflU *11 1h1n|l birr mi It t^J| rD&^Untifl, TMj C^TICf^llOTl I" I 
and, n>i reolUU^ 
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import Alice, is supplements by interpretation of many things on 
which the legends are silent. Living priests often do not know why 
they jierform certain ritca, for they are not antiquarians and no 
sacred books exist among them; explanations that bine survived 
have been transmitted by r^mory and have lost or have been modi¬ 
fied much in transmitting* Individual priests have certain definite 
functions to perform in n great ceremony, and while they may know 
the meaning of these they are densely ignorant of other rites, and 
they often confess that the rites are meaningless to those, who per¬ 
form them. We sing our songs, say our prayers* because they have 
been transmitted to us by our ancestors, and they knew ntore than we 
w}mt is good.' 11 Rites practiced for a long tune are looked upon as 
eDkacious, and that to them is sufticicnt evidence that they are the 
best for the purpose. 

The rite being consc native* it is less modified in transmission than 
the myth, and as the symbol is most tenacious we may look upon idols 
us of ancient provenance and practically unchanged from one genera* 
tbn to another. A change in their srymkdism would greatly offend 
the conservative element in the priesthood, for many idoLn are heir¬ 
looms* and we may justly suppose that their form dates hack to a 
very early cultural development, but it is undoubtedly true that more 
elaborate changes in form of idols and symbols have from time to 
time been introduced as ceremonials have become more and more 
complicated. 

The discovery of how to create fire artificially dates so far back in 
the history of human culture tlmt in the myths of many peoples fire 
is said to l>c the gift of the gods or stolen from them. In the course 
of transmitted from one generation to another these legends have 
often become very much modified by local and secondary characters. 
There bus grown up a priesthood, male or female* tis guardians of 
the new fire. The eternal fire has boon associated with the perpetuity 
of the life of the state, and the necessity of keeping an eternal fire 
led to the Pryt&nean at Athens, the temple of Hestin at Rome, the 
national fires of the Matches- Aztecs, and Incas t where the idea of 
the life of the state was closely bound up with the pre^rvation of the 
snored fin?. This thought may have existed in ancient, times among 
the cliff dwellers* hut the maintenance of an e tenia I fire long ago died 
out in the Hopi hives. 

There is a large literature dealing with the new fire ceremony of 
the Aztecs* and pictures and descriptions of the God of Fire give a 
good idea of his syijitwdbin. Among this people we have a fire ser¬ 
pent god* suggesting the connection of the worship of the sun serpent 
and that of fire. Like nil primitive races where sun worship is domi¬ 
nant. the Aztecs held fire in great reverence, and the Fire God was 
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cctosuleivil father of gwb mid men, one of the oldest supernatural con¬ 
ceptions in primitive culture. 

As above described, the liopi Fire God, Mnsiwti, sometimes curries 
a dibble or pinming stick, showing his intimate relation with plant¬ 
ing; his personification in the sacred ^poni goes through the act of 
planting, prayers being said to him for the successful germination of 
corn and other seeds. 

It would make un interesting article to treat tire worship among 
our uixirigines in a comparative manner and show the interrelations, 
resemblances, and differences as well ns the distribution of this cult. 
Little can now 1* rescued as far as observation goes among certain 
tribes; in others there are still unrecorded survivals. That it was 
once os widespread as the American race seems & logical conclusion 
from what is known. 1\ hat modifications have occurred and how 
many of these ate due to environmental conditions is a chapter of 
culture history that can not now be written, but it would have been 
worthy of intensive investigation. From the time man emerged 
from the brutes he has possessed a knowledge of how to artificially 
create fire. This invention has aided him in his upward cultural 
growth more than any other, and yet few ethnologists have turned 
their attention to its influence on the history of the Indiana. 

We arc able to trace the cvcdution of tho lire cult from its earlier 
stage among the cliff dwellers to the modern pueblos. My archeo¬ 
logical work Inst summer (1020) makes it possible as never before to 
present the evidences of its existence among the cliff dwellers of the 
Mesa Verde National Park, where the culture of certain modem pueb¬ 
los originated. 


There are many American cliff dwellings of magnitude, as those of 
the ( any on de L’helly and the Navahu National Monument, from 
which evidence of fire worship has been observed, but rarely except 
in the Mesa Verde do we find a specialized building for this cult that 
may be tailed tt temple. There is evidence that the building in the 
Mesa \ erde identified ns a lire temple (pi. 12) was not a habitation; no 
household implements were found in the extensive excavation made 
in Us court or rooms, and its architectural form is unique. There 
was no evidence of former grinding bins, no fragments of pottery, 
no domiciliary utensils. There was nothing in the debris to show 
that nmu ever inhabited it. This failure to find these and other uten¬ 
sils is negative evidence; hut the identification is supported by arehi- 

' in '’‘ f t t‘ V' v “ tsteD ? e m tbe «>urt of a central fireplace full of 
JJJS the character of paintings on the walls recalling symhdls 

Fire ri ‘« " f «" «d othe/pucblo 
r ’ , l,e pusuive evidence! of its former use. This bnildina- was 

1 Jig os new fire om l „ hre pit iQ lhe COUrt for pnhlk ^ 
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Emtebn End of the Court of Fire Temple. Mes\ Verde National Park. 
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iiGctfld with fin?, TVhpther fire was conserved in this pit is ns vet in 

c oubt, but the existence of n Bn temple mon K the eli £T dwelled i m - 

fc "" ™ more *»* U J ™mpli™ted fire ritual than among the 

reXd fire '53! °i “* EH* “ t 7 1 * J * * added thnt 

. * 1 fil ^ drills have }*&> found m the debris of cliff dwellers’ 

ro^iis and that one ofth. fire hearths was found i n a cave near Fire 

i u- , T Qr * J r 6 imi,lcmenta “ r * i^ntiod with those .till 
f*\ m the kindling of the new fire at Walpi. The discovery of this 

fire temple (pi IS) opens a new page in diff dweller culture, hut we 
mi,it await new explorations of our cliff house areas for varieties in 
^l ecture or other for* of new fire temples before we canTter- 
minc the nature and extension of the new fii» cult. 

Mr. I< razer makea the following suggestions regarding tha origin 
of the Aztec hre ceremonial that are pertinent He rightly state it 

™ ? 1 r* m0S1 “ riki "5 ““ «* 

Thirt the fire worship of Mexico, for all its gorgeous and awful 
paltry, sprang from the fire on the domestic hearth may be in¬ 
ferred from th 0 ilexican custom, like the old Italian, Greek Sla- 
jome, and modem Hindu custom, of throwing food and drink into 
the fire before a meal. The same primitive offering to the fire was 
common among the savage redskins who never developed an elaborate 
rebgjous ritual like that of barbarous Mexico.” It was a custom 

;rg; up j ° 20 ^ m :i7l 

Snf f r 3 T! thv he “ rth ^ Ultv cm *'K Mtuhir and 

SST t\ *. Vn e i “ tui, “ 8 « ^ch this custom Las sure 
15 in tlie fefists Allowing the great ceremonies. 

^ ^ Hnpi * which we find 

™ " ******* but a wnsideretfon of these would extend 

t f, i, 1 , JP t , C P r, T >r[i,>n5 - l£ however, instructive to rail 

to i .iiu! that in tlia biennial snake dance at Walpi pravor-eticka are 
made and deposited in the shrine of the Fire God. These offering 
to this supernatural shot,- the ancient influence of this cult, for t£ 
^liikc danr« u one of the dh*$i archaic rites of the J W. As there Is 
2 ^ uTthl f ^ absence of worship of elemental powers, 

£w r f ' 11 T * mi ' y 1w that trance here given to the 
tUo r C )9 T^X l}r tOTm 0i thp ' vi(JeI - v di AW'I worahip of 

!™T r rt nm1 Lr ™ Tth &f or life itself, which 

j nm ates the "hole ritual Fire worship is believed to ]« the oldest 

la ^ f L t ° Pl ! ,:IDS ‘ l T UAy «<* earth worehip. 

dating back to the dawn of culture, to an epoch long anterior to the 

tune when their ancestors came to the deserts of northern Arizona 

1 he .re cult and that of the anil among the pueblos are survivals 

of two forms of clement worship that we can trace buck into the past 

und through archeology know something of their prehistoric eharac- 
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ter. Fire rites are undoubtedly among the most undent forms of cere¬ 
monies among the Hopi. Some of tho objects used to-day have been 
inherited from a time when the Hopi lived in cliff houses. W<' have, 
as evidence that the ancient cliff dwellers associated the creation of 
tire with procreation of life, many flymbdfe nf vitality on the walls of 
cliff houses, but especially pictures of n fire pod still peraonuted at 
Walpi. At the pr&s&nt time the new fire sit W silpi is kindled in u 
kivu or ceremonial room, hut my last season's field work at the Jtaa 
Verde has shown that the fire cult had reached so high a development 
on that [plateau that the aboriginee had erected 11 special femply fur 
that purpose, A statement of the nature of the fire worship of the 
diff dwellers os revealed by archeological data would make an article 
of considerable proportions that may not be hero attempted. 

Several buildings that may have been used ns fire temples have 
been reported from the Southwest, among which may 1*1 mentioned 
the Hopi ruin called Fire House, the “ Great Kivu ” at Artec, the 
Lower House at Yucca National Monument, numerous 11 great kivus 
in tlieCbufo Canyon, aml other ruins. 
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INTRDDUOnON* 

Touring the ewrly years of the development of lay-figure groups 
a> Li meaus r *f primitive peoples, single figures wen? vtrn- 

dmeted for the display of costumes und other hehingings, and in 
time two or more of the figures were uussembled ir> groups. These 
figures were often rather crudely executed, but were much approved 
by the public of the period* On the accession of Prof, W, IX Holmes 
to the head curatorship of the newly constituted ilepartment of 
nnthropoJogj' in I SO^, renewed interest \vm avmlcenrd in this brunch 
of the wisrk* Professor Ih»Inies brought to this work exceptional 
artistic training, n keen appreciation of the mpiiremenfe nf exacti- 
tilde, and the faculty of enlisting the interest of others in the tuakd 
in hand. The family groui>s here iihistmted are largely the product 
of his genius, and the later examples are regarded ns serving well the 
pnrprf>ses nf science and at the some time eis fulfilling the require 
mentsofart, ^ 

The designing nf these groups and directing their preparation and 
installation ™ a difficult and exacting task, hut one m which Pro¬ 
fessor Holmes bad the heady cooperation of hk associates. Able 
sculptor* were enlisted in the work of modeling the figures* among 
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ttlmm wore U. S- J. Dunbar, Henry J. EJlicott, and Frank Lemon. 
Theodore Mills modeled some of the single-costumed figures ; and 
certain individual works of sculpture hit? bv John J. Boyle, II. K. 
Budi-Brown, Acliilic Collin, M Herbert, and others. Skilled pre^ 
paratora were employed in the very important work of easting, set¬ 
ting up, and painting the figures, foremost among whom are H. W. 
Hendley and IV. H. Egberts. In designing a lay-figure group the 
necessary studies of the peoples to lw represented are uiude, Indi¬ 
viduals are selected to illustrate the salient features of the people, 
their arts and industries, their costumes, and their physical charac¬ 
teristics; and such features of their environment as can be utilised 
within the available space are added. The end sought is.to assemble 
I he figures as in a picture, irineh wil] tell the Story forcibly and at 
once. 

The group when designed, together with drawings, photographs, 
mid other necessary data are turned over to the sculptor and the liv¬ 
ing model is posed for him. Tlio figure is modeled in clay and from 
(his u cast is made in fluster of Paris. Tills cast is appropriately 
painted, costumes are added, and wigs are provided. The figures are 
then assembled under the eye of the iirtist and with necessary changes 
composed into the group. When this is done, the ground is put in, 
hila-ls written, and the group is ready for exhibition. A group of 
entire plaster figures in u case 13 ' by V by !)', complete, coats about 
tr£,.V>0, I f the figures are to be clothed, the work is expedited and 
made cheaper by employing frame work of wood, which is filled out 
with tow, burlap, etc., and the exposed parts, ns the head, ha mis, 
itud feet, modeled, painted, and added to the figure. In soma in¬ 
stances the hands are cast from the living model. * 

The dwelling groups arc constructed from literary and from photo¬ 
graphic data, and are not difficult to make. Their excellence de¬ 
pends upon the skill of the constructor and the amount of data, 
secured. They cost. exclusive of cose, about $150. The* groups 
were at first made in the Anthropological Laboratory of the Museum 
by C, h. Luscombe. Others were later made by contract and of 
especial note are the Iroquois find Hawaiian models hv Mr. I, B, 
Mi liner, and the Dyak model by JS. K, Middleton. 

The simple figures, groups of manikins, and dwelling groups form 
uti important part of the exhibit of ethnology, They are placed in 
('ompany with the coses of specimens belonging to the arts and 
industries of different peoples, mid thus furnish a unit of striking 
interest and value for visual instruction in science. 

They are also made, so far as is possible, historically correct, and 
represent the races in the aboriginal state, nr In the period before 
change* duo to contact with civilisation had modified them. A great 
majority of the groups depic t native life as it can not tie observed at 
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present nnd are thus valuable ns records. The exhibit enables one to 
form an impression of the characteristics of the principal races of 
the earth, their village and family life and their arts and industries! 
with a minimum of effort. 

The text of this article composed of the Ini k?Ir which accompany 
the exhibits* and these labels strive to convey the necessary facts in 
clear and simple language. 

BRIBES OF THE ARCTIC, 

The tribes which arc now found in the northern regions of both 
hemispheres have much in common in appearance and in the arts 
developed in this Frigid Zone. Since the food here is almost exclu¬ 
sively animal, hunting I? as much developed as is agriculture among 
more southern tribes; hi travel and transportation by land and 
water wo find the snow shoe, r log sled* and the skin boat a shade 
more advanced than are these features in other more favored lands* 
In general we find the Eskimo and other Arctic tribes in perfect 
harmony with their surroundings, which is. no doubt, due to their 
long stay in the cold regions. 

The Eskimo have really suffered more from contact with the 
white nmn than from the rigors of the Arctic winters. An isolated 
life of a tribe T while it tends to produce a uniform or recognizable 
type* is in reality a serious handicap when Communication with 
other peoples opens up* 

It is recorded by all visitors to the Arctic tribes of the Alaskan 
coast that some of their most noticeable qualities are good humor 
and cheerfulness. 

Even in the Arctic the natural conditions of life are unequal. The 
western Eskimo arc much more favorably situated as to food and 
climate than the central and Smith Sound tribes, or even those of 
Greenland* This is reflected in the variety and amount of the 
things which make np their material belongings, which may be 
noticed in comparing the groups. 

14WELLING UBOUra OF THU WESTXWT ESKIMO. 

Western Alaska. 

Hie western Eskimo live on the Alaskan coast from the Aleutian 
Islands to Point Barrow. They subsist by fishing and hunting, in 
which they are very skillful. Tlirir houses arc dome shaped, made 
of earth piled over a cob work of timbers erected in an excavation 
in the ground. The entrance is through u tunnel in the winter and 
a passageway in the summer. Around the interior of the house 
is a bench on which the people sleep. The cooking is done in a 
pottery vessel suspended over the lamp. Meat is preserved in a hn* 


Smith Ionian Report, 1920—Houuh. 



Dwelling Croup of the westcrn Eskimo, 






SmHftIQfliJin ft’Dpfflrt, lVZO— P late 





FAMILY GHQUP Of THE WESTERN ESKIMO, 










$mhlhiQnian Rtfiurt, 1920—Huu|-h, PlATE. 3 



Dwi. l.linq Group of ime Central. Eskimo. 












Smithwntan Atiport, \ ftao—Hon B h T Plate 4 



Family Group pf the Smith Sound Eskimo 












BACTAL GBOUPS—HOUGH. 


615 


storehouse, fish are dried on wooden rucks, and skin boats are put 
otit of harm's way cm n scaffold erected near the houses. (Sec pi. 1.) 

FAMILY CUOtr OF THS WESTERN ESKIMO. 

On account of the better food supply and the mild climate the 
western Eskimo have advanced further than their relatives In the 
east. Also their arts have felt the stimulus of intercommunication 
and trade with Asia. 

The group here shown illustrates the usual summer avocations 
ond amusements of this people. At the left a woman is cooking 
meat in the primitive pottery cooking vessel, while another woman 
is placing dried fish in the storehouse. In the Ijackground a war¬ 
rior with sinew-hacked bow is watching a youth practice with the 
sling. On the right a man seated on the ground is excavating a 
wooden dish with the curved knife and two little girls are con¬ 
tentedly playing with their toys. The structure at the back of the 
case is" a representation of the storehouse commonly used by the 
western Eskimo. (See pi. 2.) 

DWELLING OBODF OF THE CENTRAL ESKIMO. 

The centra] Eskimo live on the area between Hudson Strait and 
llalfin JJav. Their winter houses are built of blocks of snow laid 
up in a spiral manner, forming a dome. The blocks are about 3 
feet long, 2 feet high, and 6 inches thick. The main chamber of 
the house varies from 5 to 12 feet in height, and from < to 15 feet 
in diameter. Over the entrance a square is cut out and covered 
with seal intestine for ft window. The dome is connected by pas- 
aageways with one or more outbuildings or packing rooms. In the 
summer the natives fish in the open water; in winter seals are taken 
by nets set under the ice. Dogs ate attached to the sled by separate 
lines. The clothing of the men and women is made from skins of 
seal and deer, and consists of outside and inside trousers; jackets, 
those of tins women having bonds: boots, and inside boots or socks 
made of light deerskin or bird&kin. (See pi. 3.) 

FAMILY GROUP OF THE SMITH SOUND ESKIMO. 

This exhibit shows an Eskimo family of Smith Sound, in north - 
western Greenland. The Smith Sound Eskimo are called the Arctic 
Highlanders and are the most northern people in the known world. 
On account of the ire they abandoned the kuiak, or skin canoe, and use 
the dog sled for transportation. Their clothing is from skins of seal, 
reindeer birds, and dogs, and their houses are of snow. All of their 
activities are associated with the struggle for existence, and they 
have little time for art work. 
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Tills group represents the family m it might appear in the spring, 
moving across Ore ice lie his. The young man lias succeeded in dub¬ 
bing a small seal, and the others are haying a laugh at his expense 
for calling out the dog team to haul so slight a load* It is remark¬ 
able that these farthest north people are exceptionally eliterfid in 
disposition, notwithstanding the rigor of the climate and the hard¬ 
ships of their life. The woman, who carries u babe in her hood, is 
about to help attach the seal to the sledge; and the girl* who plays 
with the dogs, and the boy, who clings to the back of the sledge* are 
not insensible to the pleasantries of the elder man, (See pi. 4.) 

nUOUP OF EAffTERN ESKIMO* 

The eastern Eskimo inhabit Greenland the shores of northern 
Labrador* and of Hudson Bay adjoining. In the group here shown 
will he seen a young woman from southwestern lireenland, her 
dress resembling that of a Lapp ; n num from eastern Hudson Bay. 
with bis harpoon; a woman with her babe, from Ungftva Bay* 
Labrador: and a woman from northern Hudson Bay in garments of 
reindeer skin. In the first named the people have been under insirue- 
lion of Moravian nibsioiiurii^ many years. The male figure repre¬ 
sents the native right-hand man of the intrepid winders who, before 
the discovery of mail oil, ransacked Hudson Bay for oil and baleen. 
The woman with the lmbe and the one on her right hand are dressed 
in aboriginal costumes of reindeer fur, little modified by outside ha- 
flifcnbes* The loose* roomy garments correspond with those figured 
by the early voyagers. The eastern Eskimo are also interesting on 
account of their association with the exploring expeditions sent out 
in the last century to search for the northwest passage ami the North 
Pole, (Sec pL 5*> 

GROUT OF WESTERN ESKIMO, 

This group represent a woiruiu from the Anderson River region, 
Canada, dressed in deerskin, with her child standing in front; a man 
ami a woman from Point Barrow, also dressed in deerskin; a man 
from SL Michaels, Alaska; and a woman from Kadiak Island wear¬ 
ing a costume made of spermopbile skin and ornamented with mar¬ 
mot ami heuveris fur. (See pi. 6-) 

TRIBES Of ALASKA. WESTERN AND EASTERN CANADA 

The groups represented here exhibit the principal races of Alaska 
and Canada m the vast stretch from the Pacific to the Atlantic 
They are also of tribes which were most lately rhanged bv the 
advance oi thc whlte »“■ Two of the four tribes are west-const 
Indiana. Here sire numerous tribes speaking different W,,*^ 
but having a marked similarity in custom* and arts. The coast tribes 
strung along the cousl lands from Puget Sound to Mount St Elias 



Smirhwinkrt HefKfrtp 


PLATE B, 


GfTOlrP OF Eastern Eskimo. 










Plate 


&mlth*onpin Rep-arJ. IWO Houfih. 



Group of WE^T^nfi Eskimo, 













Smldiqonifin RtfF-jrt. 1 ^20 -Hn^gh 



Family Group of the Chilkat Indians. 











Smlih^nLftn Rfli wn, 192^— HogjU, 



QWZIUHQ GROUP Of THE Haida INDIANS, 












RACIAL GROUPS—UOL’tiH. 


6J7 

seem to be example of Low a broken shore line and many inlands 
with abundance of splendid timber tends to products a lmrdy race of 
seafarers and a particular phase of material culture. Here was great 
development in shipbuilding, navigation, and in the primitive arts. 
The Alaskans possess si characteristic culture not to be confounded 
with any other in North America, On the other hand, the interior 
irilics in a region of lakes and rivers are less advanced, having been 
held hack by natural rimiinstances. House building, navigation, 
and travel in general are more simple than among the coast tribes. 
The food supply is also more limited and the climate more severe 
titan on the west coast. These tribes, however, have the necessary 
means to live in the home where they have settled, They demon¬ 
strate in many ways the usefulness of birch hark, which is a strong 
and attractive substitute for the skins of animals. They tanned 
deerskins for clothing and decorated their garments with porcupine 
quills and brilliant paints. They had no agriculture and consumed 
very little vegetal food, 

FA 3111. V oROt.'i 1 OF CHILSAT INDIANS, 

The Chilknt live on Lynn Canal in southeastern Alaska, and be¬ 
long, with the TI in kits, to the Koltischan family. They are in 
commercial contact with the Athapascan tribes across the mountains 
to the efu>t, from whom they obtain horns and wool in barter, the 
hitter being used in making the famous Chilkut blankets, which 
are woven, not in it loom, but the warp is suspended from a bar 
uf wood. The designs are symbolical animal forms ami are worked 
into the texture independently of one another, as in gobelin tapestry, 
The pattern, painted on wood, is suspended over the loom. The men 
are expert hunters and Ushers, and carve utensils and ceremonial 
objects from wood and horn. In this group are to be seen the 
blanket weaver at work: a man carving a wooden mask; a woman 
engaged in makinga basket, her halve lying in its it: idle by her side; 
and a young woman offering food in n carved wooden dish to a 
Bum who wears one of the fatuous Chilknt blankets. Costumes of 
the Chilkut nte more frequently made of deer skins, since thev 
live on the mainland, and are in touch w ith the Athapascan tribes 
of the interior. Numerous articles pertaining to the household are 
scattered among the group. {.See pi, 7.) 

DWELLING OBOUF OF THE IIA IDA INDIANS, 

The Hnitb Indians inhabit the Queen Charlotte Islands, lying in 
the Pacific Orean, 75 miles north of Vancouver Island. They are a 
separate linguistic family. Their houses face the beach and are in 
the form of a regular parallelogram, averaging 50 feet in front 
und 35 feet in depth. Posts are planted in the ground, joined by 
means uf timbers, and these were anciently covered on the roof and * 
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sides with hewn planks. In front are planted trunks of trees, upon 
which are carved am! painted animal totems representing the 
crests of the different duns inhabiting the house. Entrance is 
usually by means of a low doorway cut in the totem post. Over 
tiie front also are painted heraldic emblems connected with their 
family system. The dead are placed in boxes which are deposited 
on posts or in minis tune bouses, The I I aid as tattoo their bodies 
with various designs and clothe themselves with furs and skins of 
animals. They are among the most skillful canoe builders on the 
Pacific coast. (See pi. 8.) 


FAMILY liKOUi- OF LOrCKEUY INMANS. 

The Lcucheux Indians live in northern Canada, east of the Mac¬ 
kenzie Hiver, and belong to the great Athapascan family. Eor many 
years ihey have been in contact with the Hudson Bay Co,, who have 
used the men as hunters for catching fur-ben ring animals. This has 
made them a thrifty people. In summer they dress in reindeer skins 
and ornament them with bird quills, dent a li 11 m shells from the 
Pacific coast, and trade beads and worsted from Europe. The birch 
tree is so common and useful that every utensil of their household 
life is made from that bark. Even their cooking vessels are uf that 
material and their food is boiled by means of hot stones. Their 
canoes are of birch bark, which enables them to navigate the rivers to 
fhc headwaters and renders them so light that they an? carried 
from one stream to another over portages. This group represents 
a hunter and his son returning from the chase while his wife and 
younger son anxiously await his coming. (.See pi. 0.) 

UW1LUNO MOOT or THE NlJJtTAONAlS INDIANS. 


The Mimtagnais Indians nre of the Algonqumn family, and oc¬ 
cupy Labrador ns far north as Ungmvu Bay. They live by hunting 
and fishing. Their dwellnigs are of skirts, not sewed together, but 
laid on frameworks of poles and held down by trunks of small trees 
leaned against them outside and by stones piled around the base. 
The group includes finished tents, woodpile, staging filled with skins 
ami robes, men painting a robe, women drying skins, and birch- 
bark canoe. The Montagna Lb drees in deerskin robes, quite like those 
<<£ the Eskimo, Ilnur neighbors, but well made and decorated with 
point rather than embroidery. Their canoes nre of bark ami not of 
skins, as are those of their neighbors in the north. (.See pi. 10.) 

Tit IRKS fit’ THU HASTE UN AND SOUTHERN UNITED STATUS. 


The ii ibes uf Algonquum and Iroqnoian stock, whose borne 
m the tern ory between tbs Great Uk* Hn d central New York 
.exhibit what is called woodland culture, a culture determined in n 
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great degree by forests, which have a restraining mflueue<*upon 
man's progress* These Indians are well known in song and story 
and many of the natives remain a fter centuries of more or less rough 
contact with white men* The arts which belonged to them in the 
old times have almost entirely disappeared* those remaining, such 
as the birch-bark canoe, the snowshoe, lacrosse stick, and moccasins, 
being preserved by adoption by the early white settlers. These tribes 
were agriculturists mainly and they performed great labors in clear¬ 
ing their fields and building their ‘'long houses. ’ 1 races of these 

old fields in which com was planted may still be found: for some 
time after the white settlement these fields remained treeless in the 
forested country, and were known to have been the farms of the 
Indians. The Iroquois, while rather crude in the arts, were skilled 
and fearless in war and bad also developed ideas of political organiza¬ 
tion far in advance of their lime, which were put in effect as a league 
or confederacy whose object was peace. 

Little is known of the Algonqnian tribes with whom the Pilgrims 
came in contact along the New Engl anti coast, and not until we come 
to Virginia is there adequate information ns to their manners and 
customs furnished by Capt. .John Smith ami his artist, John White, 
of Sir Walter Raleigh’s adventure. The Virginia AJgonquiauB, 
called by the English Powhatans, with neighbors of other stocks 
such as Siouan and Iroquoian, form an interesting group of tribes 
which emerge into history at the beginning of the seventeenth cen¬ 
tury. Fanning was the chief subsistence industry of these tnbes, 
but they also utilized till of the vegetal and animal resources of their 
fruitful country, as well set forth by Cupt. John Smith in his 

The tribes of Muskoghean stock called Creeks. Choctaws* etc., 
inhabiting the Southern States were further advanced in the arts of 
life than the Virginia Indians. Their houses, pottery, stonework, 
shdlwork, and other arts were indicative of a stage of culture com¬ 
parable with that of the Pueblos. Illustrations are given of the 
Seminole*, a mixed Muskoghean tribe which wandered into Florida 
and with which the historic Seminole War was waged, terminating 
with the dcuth of the chief, Osceola. In the subtropical environment 
of Florida Seminole life took on resemblances to the life of the 
Arawab settlers of the West Indies. It is thought that the Arawuk 
planted a cobmy in Florida and that some aspects of Seminole arts 
were derived from these Indians. 

llWELlxINfi IIKOCT or THE CHIPPEWA INDIANS. 

[jikc Superior Region. 

The Chippewa live in the northern Tutted States and Canada in 
a heavily forested region, which has had marked influence on their 
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mutcfed culture. Their houses are made of bent poles covered with 
birch bark and mats of rushed The houses contain sometimes sev¬ 
eral families, each having ita own fireplace* the smoke issuing 
through an opening in the roof, Canons are made of birch bark, and 
both men and women are expert in managing them. They subsist on 
wild rice, game, and fish* They tun excellent buckskin, which for¬ 
merly was Used by them for clothing. They auikc also much maple 
sugar. (See p + 11.) 

t-illl'PEWA WAKHIOR AKi> FAMILY. 

This is the original plaster model of n bnciQM group by John J* 
Boylej which was presented to the city of Chicago by Marlin Ever¬ 
son, Esq.* and erected in Lincoln Park. It was given to the National 
Museum by the sculptor in LESS, (Sec pi, 1^*) 

CHIPPEWA MEDICINS MAN'. 

MLullHOtll* 

A shamttn in his medicine- lodge composing a mnemonic record and 
incising H upon a piece of birch bark. The outlines of the charac¬ 
ters recall to the Indian the specific significance of each idea re- 
corded, and frequently these interpretations are chanted to make 
them more impressive. Many of the Indian tribes of North America 
conveyed information and kept the record of events by picture writ¬ 
ing. This is to written language what gesture speech is to spoken 
language and constitutes the first step toward syllabic writing and 
alphabetic characters 

The Chippewa preserve by the above means the order of songs and 
the traditions of the Indian cosmogony and genesis of mankind. 
Charts of birch bark relating to the ceremonies of initiation into the 
M Grand Medicine Society” are exceedingly rare and highly priced 
by the shaman; one in the collection of the National Museum meas¬ 
ures about U feet in length and 2d inches in width, composed of 
various pieces neatly stitched together with strands ui basswood 
bark. (Sw pL 13.) 

DWTELUSO UWtUY OF TliV 1 ROQL t CH« INDIAN’** 

Northern Neiv Yurie* 

This model represents a sLc*ekaded village of the Iroquois Con¬ 
federacy during the aboriginal period. Two 11 long houaes, 71 com- 
mut'ial structures in which several hnuli^s lived, are located near a 
si>ring on the shore of a lake, ami the people are engaged at their 
customary occupations, such os hmiaehtulding, mealing, pottery mak¬ 
ing, and the like, the pits covered with bark slnlxi near the houses 
are storage receptacle* for food, which were in charge of the women. 
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One of the smaller triangular ileuses is a guest house for tiie recep¬ 
tion of envoys and the other is u shelter for u single family. The 
corn field is near the village and is surrounded with a fence for pro¬ 
tection limit list wild animals, hut sometime; the fields were inclosed 
by the general stockade. The legend in Iroquois on the frame is; 
■'Great t&ZDUlonwealtli : peare—justice—power.’’ the motto of the 
Confederacy. (See pi. I t.) 

mart .nuufiox, nrin.%N captive, 

Mary Jemisnu’s story is that of an Indian captive who, after many 
years among her captors returned at last to “'her own people, (he 
Iroquois, Mlie is represented here dressed in Indian costume and 
carrying u papoose on her back on her journey of 500 miles, retnrn- 
ing'from Ohio to New Aork. 

When she was a few years old her family was massacred by In¬ 
dians, hut Imr life was spared and she was adopted, reared among 
the tribe, and given the name Degcwunus, “ beautiful object." 

After many years of captivity she made her way back to the old 
log cabin home on the Genesee River, in New York, where she lived 
till her death in 1W>&( f). The ground surrounding this old frontier 
log cabin was purchased by Mr. William Pryor LetcIncurth, of 
Buffalo, and made a public park for the citizens of the State of New 
York. Mr. II, K. Bush-Brown was commissioned to execute the 
statue. 

Plaster original gift of Mr. H, K. Bush-Brown. (See pi. 15.) 

TUP VJWHNIA INDIA S3. 

This group represents Csipt, John Smith trading with tho Powha- 
tans in 1008, when the Jnmestewn colony was saved from grievous 
want by his energy and resourcefulness. Food having fallen low, 
Captain Smith organized on expedition to one of the Powhatan 
villages on the James River in which articles of European manu¬ 
facture were exchanged for com. It will be seen that the Indian 
chief drives a hard bargain, but Smith is master of the situation. 

The group reproduces, as nearly as the available data will permit, 
the Units of the period and the costumes and other personal iw- 
longings of both peoples. Our knowledge of the costumes of tho 
natives is quite limited, the only source of information being tho 
meager descriptions left by Smith and a number of drawings, now 
preserved in the British Museum, made by the artist John White, 
of the Roanoke Colony. Aside from the simple buckskin garments 
bene reproduced, dressed skins of animals and cerium coarsely woven 
cloaks, sometimes tastefully embellished with feathers, were used 
in cold weather. The chief weapon was the bow and arrow. Hunt- 
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mg and fishing were important means of subsistence* and agricul¬ 
ture was very generally practiced, the principal staple being the 
native Indian corn. The corn shown in this group is native Indian 
com obtained from the Iroquois Indians of Canada. (See pi. 16-) 

Tilt MJi£ rUFACTCKE, nF STONE iMVKEMEFm FIT THE AMERICAN 

ARORHBENES* 

The Indian triijes of the Xcw World had not advanced beyond 
the " stone age” of culture* and the quarrying and shaping of 
stone implements were to them in (tileries of vital importance. 
Suitable stone was gathered from Uie surfura of the ground* or 
was obtained at the expense of great labor from Lbe deposits in 
place. The quarrying of flint an-1 other bedded minerals was car¬ 
ried on in many sections of the country, ;uid the pitting* may 
still be .seen among the hflk In like manner, water'worn stones— 
bowlders and pebbles—were quarried from the river bluffs and 
ancient beaches* and extensive workings of this class are found in 
tile suburbs of Washington City. 

This group in intended to illustrate the work carried on in the 
great quarries on Piicy Bmiieh and in the associated workshops 
nut long before the arrival of the KngHsh, some 360 years ngo, near 
ihe point where Eighteenth Street would cross that stream. The 
broken bowlders und iakaga left on the shop site are in places 10 
feet or mure in depth. 

The man ut the left, is represented as employing a heavy, wooden 
pike in prying up the larger bowlders, while the second breaks 
them up preparatory to selecting fragments of suitable size and 
shape for implement making. 

The third man roughs out the forms of the implements by means 
of quick, ^harp blows, with a bowlder hammer, using either the 
selected fragments or the smaller bowlders for the purpose. 

The fourth workman trims the edges and shaped up the tldn 
blades with an implement of bone nr antler set in a wooden shaft. 
The flaking is accomplished by setting the point of this imple¬ 
ment against the edge of the roughed out blade* and pressing it 
downward w ith it quick, strong movement reenforced by the weight 
of the body* Flakes are thus removed from the under side 1 and 
the folded buckskin pad serves to prevent breakage of the blade 
under treatment This work, however, was not completed at the 
quarry, the Wades being usually carried away to bo finished as 
the implement* were needed. 

The finishing touches are given, m indicated by the fifth work¬ 
man * who I’hips out the notches and shapes the points by means of 
a small flaker oi bone or like material, which is pressed down on 
the sharp edge of the blade until it ■* takes bold.* Then, by a quick 



Sffllthigivkn HH-ptsn. Hough, 



The Arrow Makers. 



















Smith *on4an Rsporf, 1Q2D-- Hmgh. 



Dwelling Group qf the Seminole Indians, 



















SmithroiuEt 


Plate IS, 



OSCEOLA. SEMINOLE CHIEF. 










SmlUbUf^in 


Plate 20- 


SEKtHOtJE MAll 




































633 


HACIAI, GROTTPS—BOUGH. 

i,Ms a ”^ S ' W T ° t , t" ith ' •* t, "> cotar. 

it 1 * 3, «ijs. E pcaking of a Powhatan hunter, that •* His arrow* 

* *“• ‘™ *** <" — ™»* at 

The shaping processes here illustrated were formerly in genera] 
among the tribes. The women doubtless aided in ‘the work of 
transportation and in preparing fowl for the quarrvmen. The cog. 
turnes shown are modeled after the garments of the Virginia Indian* 
at the ported of discovery, n * illustrated in tiie drawings of John 
White, artist of the Roanoke colony. 

That the quarries Of the region were worked by the Powhatan* 
and adjacent tribes is amply proved by the discovery on their de- 

SJJ * ,tes in their ^ heaps throughout the Potomac- 

Chesnpeake region of countless numbers of implements identical 
\ itti those produced in the local quarries, (See pi. IT.) 

DWELLING oaour OF THE SBMIBOtB OmiAHa, 

Florida, 

The Semmoles are made up of remnants of the Creek and other 

int ° ^ Ev * r « liwtce - «N by hunting 

and fishing Their houses are open sheds roofed with palm lea? 

placed on the hammocks or elevated meadows. Several of these 
houses may occupy a hammock. In the center of the group is the 
house where ail the poking is done, the fire bed with logs s hUd in 
^ hen needed. The Semmoles manufacture flour from koonti root 
somewhat as cassava is prepared in South America. The dugoat 

canoe is generally used, and the Seminole is an expert boatman. 
(‘vtH? pl IS*/ 


eTATtrr or the sehisou! chief, osceola. 

The Florida Seminole®. now living in the Everglades, belong with 
the Creeks. Choctaw®, and Chtckwaws, to the Muskhogean family, 
who formerly occupied the Southern -States east of the Mississippi 
River, i he unremitting bloody conflicts with the white settlers were 
brought to an end in 1838, when the Semin oles and their kindred 
were forcibly removed to the Indian Territoty, those that remained 
fleeing to the Everglades. 

Osceola, the leader, made r determined resistance to the authority 
of the United States, unci only after several expeditions against him 
involving considerable loss of life, was he finally taken.' He died 
at Fort Moultrie. Florida, in 1838, (See pl, 19.) 

SEMI SOLE HAS', 

Tiie figure here shown is dressed in a chiefs costume of to-day, 
wearing leggins of buckskin, with shirt and coat of many-colored 
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calico. A girdle nround bis waist, with long fringes, moccasins of 
buckskin, and the helmet-shaped cap with heron plumes preserve 
the ancient native forms of dress. The tomahawk is of European 
manufacture, and Imcamc very popular as an object uf trade in 
colonial times, (See pL 20,) 

TUCBES OF THE GREAT PLAINS AND NORTHERN ROGEY MOUNTAIN* 

From their connection with the settlement of the West with its 
stirring events* together with the impression of their free, wild life, 
the Plains Indians have been given first place in popular fancy* 
Especially is this true of the Sioux living in the Northern Plains, 
whose “seven fireplaces*’ 1 ' representing the seven tribes of the stock, 
furnished powerful bands of warriors to obstruct the progress of 
land-hungry settlers. 

The Sioux at some period, believed to have been shortly before 
the corning of the white man, entered the Plains ami became hunters 
of buffalo. This animal profoundly modified the subsequent his¬ 
tory of this tribe, and, together with the horse, which was acquired 
in due time, made the Sioux a strong nation. The life on the Plains 
was not conducive to material advancement, and the Sioux at the 
time he was pushed about by the white man hud not made much 
progress* though having in agriculture and cither arts the elements 
of such progress. It would seem that dependence on the buffalo 
acted as a handicap to progress* On the extermination of the buf¬ 
falo the Sioux settled down ami has made rapid strides toward 
becoming a valuable asset to American eiti.ssenship. As a represent¬ 
ative tribe of the northern Pocky Mountains the Nez Perce have 
been selected. This warlike tribe forms a connecting link between 
the Sioux and SaSifih* who lived on the coast. It is interesting to 
trace the modifications; in the Sioux arts due to contact with other 
tribes living in widely differing environments. The study of Siouan 
aids is rendered vary difficult on this account. The Nez Perce in 
this way arc credited with weaving* an art which, if they practiced 
it. they undoubtedly borrowed from the Salish. This tribe was 
prominent in the wars among the Plains Indians, and the celebrated 
Chief Joseph took an important part in these conflicts. 

The Southern Plains Indians present familiar tribal names, such 
as the Kiowa* Comanche, Cheyenne, Arapaho* Pawnee* and Wichita. 
Tlie Kiowa are taken as representative. This once powerful tribe 
contributed much to the history of Indian wars*. They also form one 
of the connecting links between the Plains and Pueblo Indiana 

Use Pawnee and Wichita of the Caddoan stock represent intru¬ 
sions from some other environment where the houses whose uuxte of 
construction they preserved in their migrations were accessary. p; c „ 
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tiire and the sign language bad their highest development 

tuning the tribes of the Grant. Plains. This feature of Indian life 

tion IndL !,yS 'TIT ' 1 inttrCSt coinmunicn- 

tion of ideas among tribes speaking different languages. 

dwelllnr g&oup or the siot x iXDLisra. 

Northern I’lfllns. 

The Sioux India ns belong to the great Siouan family, Before thev 

ZZ5XTV'V 1 "' 7** **———*5«dtalS 

n ^? / 1 lr,,fral(i - nnd most of their industrial arts were associated 
«■,(, the «« itoi™l. Their ten* «, „,de i. c «£* 

S*S U -, S "1’P'« K| <■? P»ta The dm ft. free, ,he lire m ll,e 

tl™ tor, ‘ T " g S,‘* ! b - v “ fc "E P»>« ith'Hierl to Ilv r,„ 

the top. They were not sedentary, but roving. moving tire mnm 

pom place to place, so great burdens were carried on the buckjZf 
their worn,ji hot ihev had gWen to far „ to a» .hr ite* r„rp a ,‘' 

riLr.l ", * of tw “P» l <s tailed a trarois. Ther eto, 

moved their goods »long the streams of water in a coracle of buffalo 
bide, bruit over a crate of small p»Ics. The village group here shown 
represents the tents closed, opened, and in j JL„f LXn Z 
men in ceremonml and hunting costume: the women raising a 'tent. 

.1 m f. a c Cur ‘ dragging tent poles, and dressing H bufFulu hick * the 

.log haul mg a trovuia. and mat lunging „ p 

FAJtJLT HIIfRiF OF tll£ ftttiUK PEDEAyy, 

A glimpse of the somewhat barren home life 0 f the Siout U „f 
f..r,W m this grjup. Tha falhrr, sW lM ZbXm£Z£ 
returns With trophy of the dw The wife, or wives,engage in ^ 
arduous dnt l? of the household in the open. While one wJman re 

ZnViL r 11 bUffji!( ; hidfl stretcbet1 ^ frame-the first 
f F tannmg process—the other prepares the jerked beef for 

future use by pounding it in n rawhide basin and misin- it wjtfl 

inZ^T‘ iei n ’ f 7“ I th * noi S hborin " bllllTs - The two girls are 
imtrrated in their bead work and dolls. The small k T greets the 

ur> in r hZ' ,rn n V mm 1" &nd Lllp swathed tad*. bong 

up in his cradle frame, looks appreciating! r on. 

Their principal subsistence was the buffalo, whose annual northern 

and southern m.grat.ons tiiey followed. For this reason their habita 

lions wore light and eamiy transported, and their culture was limited 

LTut r f £T BtUnP 7 h . ich Wnin5 ™ Iv around 

bsed habitations. They crossed rivers in boats made of buffalo hide 

stretched over a framework of poles. At first they employed the dor 
for transporting their belongings, and later the Introduction of ho 
uzm°— 22 ——go u 
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ho Pie facilitated longer journeys and a wider spread of the people 

ovpr the tjlamfi- _ .. , . . T 

On MOMUt of their wild, free, roving life, their splen' i P >>’ F1 ' J 
development, their skill as hunters of big game, and as warriors U e 
Sioux may be regarded as a type of the hunter tribes, The nnnv iU 
izxKl branches of this tribe which took part m the Custer massacre 
in 1876 were reduced to subjection in the campaigns which followed 

The Plains tribes overran an enormous territory, including por¬ 
tions of Manitoba, the Dakotas, Nebraska. Kansas, Texas, imd ne-ig i- 
boring regions. The principal groups are as follows. ‘- W "J ' 

Perce, Sac and Fox. Cheyenne, Arapaho, Kiowa and Comamhe . 1 
of whom have assumed, or are on the point of assuming, ie < a 

civilization* , . .. , _ : . 

A lodge group, in miniature, of the Plains tribes may be se< i i 

a case near at hand. (See pi. 32.) 

SMOUX WOMUX DJtfiSSIKG HIDE£* 

Among the Plains Indians the buffalo hide was prepared for robes, 
with the hair on, by stretching on a frame and chipping away the 
fiesh side by means of “beaming tools," which or. gin ally had stone 
blades. In this way the hide was reduced to about half its original 
thickness and rendered pliable by working. For making tents, shields, 
and packing cases the hair was removed by the sweating process 
and by chopping with the beaming ink, and the hide was rendered 
pliable, if necessary, by pounding with a stone hammer. In the group 
hern shown one woman is removing hair, while the other is manipu¬ 
lating a hide in order to render it pliable. (See pi. 2».) 


SIOUX INDIAN WASHIORS. 

Proved in native costume, somewhat modified, inrluding a war 
shirt trimmed with head work, cut fringe, and sculp trophies: plume 
of eagle feather; necklace of bear’s claws: cincture of flannel; trous¬ 
ers of deerskin dyed green: and moccasins ornamented with porcu¬ 
pine quills- In bis right hand he carries the old stone-head war club 
of the Sioux. The face is that of Kicking Rear, n Sinus medicine 
mun who was prominent with Sitting Bull in the ghost-dance craze 
among the -Sioux in 18150, A cast of his face was made whan he visited 
the Museum in 1003, nt which time the costume was also secured from 
him. The decoration painted in kaolin on his hair is a cross within 
a circle and is a heraldic device signifying an act of prowess in which 
he saved a friend under the fire of the enemy. (See pi. 24.) Another 
warrior wearing the typical eagle feather headdress and necklace of 
bear daws, clothed in beaded buckskin mid carrying rt pipe ami pipe 
bag, is shown in plate 25. 
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Dwelling Group or tm£ Sioux Indiana. 
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Seoux Women Dressing BUFFALO Hide, 
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Plate 24. 





















SmftftienfoQ fl&pnrr p C920—Huy^h. 


PiATE 25. 



Sioux W^Rfriofr with headdress, 
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Plate 26. 



Si qua Woman. 
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The Sioux Indin ns belong to the Sion an family, formerly having 
a wide distribution west of the Mississippi Valley ns far southward 
as the borders of Louisiana, Detached tribes were also living at the 
time of the discovery in the mountain regions of Virginia and North 
Carolina. 

SIOUX INDIAN WOMAN. 

A Sioux Indian woman dressed in beaded buckskin frock with cut 
fringe, earrings of dental I uin shells, and leggings and moccasins 
beaded. In her left ham! she carries a spoon curved from cow’s horn. 
The cradle with its peculiar frame and hood is o modification of the 
more ancient and simple form, made since the introduction of the 
horse into this area, and is adapted not only to the carrying of the 
child upon its mother’s hack, but also for attachment to the pommel 
of the saddle. The bend work, in its material, is derived from the 
whites, hut the style of the ornamentation is purely nl original. 

The costume and cradle belonged to the Dakotas who ctimo early 
in contact with the French explorers. Their clothing, their tents, 
and their utensils were made largely of skin. Formerly quills of 
birds and of porcupines were used in decoration, but trade beads have 
taken their place. (See pi. 26.) 

K ATT -KV-WiBB-WSTIR, Tint ROOD ROAD WOMAN, 

A Sioux woman of the Yankton trilte. South Dakota. In 1876 her 
portrait was painted by A. 2. Schindler for the Blackmon* Museum 
at Salisbury, England. This bust was modeled by the sculptor Achilla 
Collin, and' is one of several works by (hat artist of Indian subjects 
in the Museum. She Is regarded os an excellent type of Indian beauty. 
(See pi- 27.) 

CROW INDIAN (StOUAN STOCK. 1 PAINTING A SKIN. 

The paintings on stars by the Indians were not mere decorations, 
hut were intended ns records or presented an assemblage of symbols 
of religious meaning. Most of the paintings on skin robes recorded 
various exploits in which the owner had part. They are interesting 
examples of picture writing and often display skill in drawing, 
compos i tion, an d color. (See pi. 28.) 

NKB rVRCTK INDIAN CHUT. 

The Nez Perce Indians belong to the Shah apt inn stock, living 
formerly on the headwaters of the Columbia River, This figure is 
dressed in buc kskin and wears a mantle of native manufacture. The 
?teople of this region, especially the Stilish, before the coming of the 
whites made yam from shredded bark and the hair of the dog and 
the mountain goat, and wove it, by a process entirely aboriginal, into 
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finite relies, and other useful articles, Indeed, the process could 
scarcely becuUed weaving, since the warp h not laid in by means of a 
shuttle, but with the Ungers, after the fashion of twined basketry, 
(See pL 29.) 

PLAINS INDIAN TlUVOIS. 

Before the coming of the horse, dogs were used to drag a vehicle 
consisting of cm cage on two poles and on which the various possessions 
of migrating tribes were carried. These vehicles were called by the 
French voyogeurs of that period travimx, and the word became cor¬ 
rupted to t ravens. They were very useful in transporting tents and 
other baggage when moving camp, and with them tired children and 
the women were insured of a ride, (See pi. 30.) 

KIOWA INDIAN CHILDREN AT PLAT. 

The Kiowa Indians formerly lived in, Colorado and flow are per¬ 
manently located on the Washita River* Oklahoma* They retained 
their native customs later than any other tribe of Plains Indians, 
and the clothing and other articles used in this group were collected 
I up fore the general disappearance of the native arts, which took place 
rather suddenly. 

This group illustrates an interesting feature of the child life of 
the Plains tribes, the Kiowa being In ken as representative. 

A play lent, games, and amusements, of which these children have 
a variety, form the attractions. The girl and boy in the foreground 
are bantering as to a play in the whee! and dart game. Boys in the 
background are playing with whip tops. The girl and the little boy, 
the latter dressed in imitation of his warrior father, arc in the act of 
surprising their sister, who is playing doll in the tent. The girl, lay¬ 
ing aside her miniature papoose cradle, lifts the flap of the tent while 
the boy f joining in the sport, emphasises the surprise by a war whoop. 
(See pi, 8L) 

DWELLING GHOUF Of THF PAWNEE INDIANS. 

The Pawnee Indians formerly lived in Nebraska on the Platte 
River. They belong to the same family as the Arikarees in North 
Dakota and the Caddoes in Louisiana and eastern Texas, Although 
their home was in the country of the skin-tent dwellers, they pre¬ 
served with great pains the ancient and northern type of underground 
abode The frames consist of logs set on end ; these are covered with 
smaller timber and brush, and then with earth and sod. From this 
structure & passageway several feet in length leads outward. This 
type of dwelling is also interesting in that it is suggestive of the 
possible origin of many smaller mounds, in different parts of the 
Mississippi Tulley. (See pL 32.) 
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Kiowa children at Piay, 
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Dwemjnq Group of the pawnee Indians, 
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1970— Plate 34. 



DwEU-rNQ Group of the Cliff Dwellers. 
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DWEU4NTI GROUP OF TILE WICHITA INDIAN^ 

The Wichita Indians are of the Caddoan family, and lived for- 
inerly it) northern Texas, not far from their present home on the 
Kiowa Agency, Oklahoma. Their dwellings and other building* 
are cone shaped and dome shaped. The framework is of poles, some 
laid perpendicular and others horizontal, and tied together like 
latticework. Into this frame bundles of grass are woven in rows, 
irubricated so as to shed the rain. The group shows a finished 
house, one in process of erection, and n communal shed, or town hall. 
The method of thatching is to i« compared with that of the Papagos, 
in Sonora, Mexico. The Wichita* became agriculturists, and dried 
their com on hides or frames. They also adopted the metal cooking 
vessels of the whites. (See p. 33.) 

Tit IRES OF THE KOU'CHWESTEHN EXITED STATES- 

These trilxfs may be divided into two groups: Those tribes in¬ 
digenous to the region, os the Pueblos* divided by language into 
four stocks* and the Apache and Nava ho* who are recent immigrants 
into the Southwest, and belong to the great Athapascan family of 
Canada* .Some of the ancient Pueblo tribes built their villages 
under the great sheltering cl ills in canyons* and on account of 
this are called cliff dweller?;. The chief center of large cliff d wellings 
is in the Mesa Verde, a great mesa mountain in southwestern Colo¬ 
rado* One of the largest of these villages* called Cliff Palace, has 
been restored and rendered accessible to visitors by Dr, j. Walter 
1‘tfivliCs. ( liief of the Bureau of American Ethnology, Smithsonian 
Institution. 

There is no region similar to the Southwest in the United States. 
It consists chiefly of a great plateau with ranges of mountain?, wide 
valleys, deep canyons, and extensive plains. Erosion has carved the 
richly colored rocks into the most varied forms. Great floods of 
lava issuing from volcanic centers have spread over parts and erosion 
bus lei t (he remains in the form of strangely contoured buttes. 

It is a dry eoilnlry ave ragin g less than 10 inches of rainfall, and 
.stream water is scanty, the main dependence being underground 
water from springs and wells* No other tribes of Indians hare been 
subjected to such conditions as stated, and it is not strange that the 
Pueblos have developed a unique culture. 

The most noticeable fenLure of this culture la the building of vil¬ 
lages consisting of clusters of stone or adobe rooms of rectangular 
shape. For this reason the Pueblos are called the housebuilders. 
Some of tliL- villages nre built on the summit of high mesas difficult 
of access. Agriculture, the chief crop lieing maize, is the mainstay 
of Pueblo culture. The Pueblos are skillful potters and weaver* 
Their decorative art is excellent 
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a Up Suvnko settled m the open country in proximity to the 
Pueblos and are influenced by Pueblo culture, while the Apache set 
Ued in tile forested mountains and rugged country and Imre remained 
in a low state of culture. The Nilva ho received the art of weaving, it 
\l from the Pueblos, though there k still n possibility that 

they may have brought it from the North. The possession of sheep 
'*? * a gii'uf blessing to (lie iNaValto, affording them a supply of 

minimi food, as these Indians are not farmers except in n limited 
tray, 

CUFF DWELL!NO. 

The semiarid region of Colorado, 0tah, Arizona, and New Mexico 
abounds in canyons and plateaus: and the rocky walls have been 
nined hy the elements into many fanciful shapes. Here oho were 
eft shelves, Shelters, and caverns, and these were extensively utilized 
; lhe ;,nci ™ t tribes for dwelling purposes, from which circum¬ 
stances they derive (heir name, “cliff dwellers/’ Along the face of 
the natural recesses, walk of stone were built up, behind which 
moms of various sizes were formed by partitions of rude tuasonrv 
I here were reached by natural pathways, hy steps eu ( into the met, 
and hy wooden ladders, and they served for defense as well as for 
abodes. By the remains of industrial am found in the cliff st ruc- 

l“ r ^ l ^ e !. r M|l, ‘ 1 ? rs |ir{? rhowT1 ll > lt*w been the ancestors of the 
Pueblo tribes. (See pi. 34.) 

M0D£L or THR ETOl'I PUKJILO, Walt,. 

Northmstnni Artama. 

tF.,lpi is: » pueblo.of tta Hop! Into Who Bw i„ north™*™ 
Arizona. K taka the name, » Place of the 0 a p.’- from u notch in 
the mesa upon which it is situsmd Tl... _ _i .. _ T / “ 111 

approach™ to the village „|»n it being by sleep 
\\alpi was settled on its present site shortly after the year 1680 
havmg been previously established on tho tenure „ hniLw *7 
Mow the top. Tile original settlers Monged to the Bear nn ,} « V 
fnniUire, the former of whom came from .Tcm P/ \> w «, I Sn *J Li 
Inttcr from near Nnvaho Mountnin. near the CnL i n-®*’™' tfl ® 

«■* ... tortl hy these I IM jtoS‘j 5*S d> . 

the spare midway the east side of the pueblo Tl ■ ' * G ? tIa u( 

dans and the addition of m w t , h these 

finally joined them, forming a row of building ™ buddings 
piieNn iils.nl mid.ny in ih, length. The tot 5*m «n th™w™“ .jf 
ef IVnlp, nan enretej bj, the Flute people, „ group „{ 
onginnUy cine from southern Arfcona. The line of root™ forid 


SmUhienian Rapart, T920— Houph, 



Dwelling Gfioup of the Hopi inpians. 



















’liSfioM— CJ 61 'UOtiPu uF!Uti«ijiiui5 



Family Group of the Hopi Indjans. 






















RACIAL GROUPS-HOUGH. 


631 


by the additions to this house is separated by a court from the main 
part of Wolpi- The buildings in the southern portion of the pueblo 
were constructed by the Rain Cloud, Tobacco Lund, and other duns, 
many of whom were subsequent additions to the population. 1 ho 
ancestors of a majority' of these c am s from villages’ now ruins—in 
southern Arizona.. 

Two kinds of rooms may be recognized in the model. There are 
many living rooms and five ceremonial rooms or kivjis. The former 
nre huddled into clusters; the latter ore isolated in the plazas. At 
(he highest point the main cluster of rooms is made up of four 
stories. There arc two plazas, one of which, situated near the south 
end, is inclosed by buildings and contain* two kirns; the other is 
open on the east side midway in its length. In the latter, indicated 
m the model by an eroded pinnacle called Antelope Rock, occurs 
biennially the celebrated Hopi Snake Dance. The secret rites of this 
dance are performed in the two kivas in the south plaza. 

The model represents aboriginal Wnlpt in 1884. before the intro¬ 
duction of innovations due to contact, with white men, and was 
modeled by Victor and Cosmos Mindeleff. (See pi. 35.) 

FAMILY OtKJUF OF THft HOPI INDIANS. 

Northeastern Arizona. 

Tile Hop! Indians occupy stone-built villages in northeastern 
Arizona. They were first seen by white men in 1540, when Tobar 
and Padilla were dispatched by Coronado to visit them. On ac¬ 
count nf the isolation of their country they have preserved to a 
greater degree than other tribes the arts and custom* of the Pueb¬ 
los. They are farmers and depend mainly upon com for their 
subsistence. Among the arts in which they are skillful ore weav¬ 
ing. basket making, and wood carving, and In the minor art of 
cookery they are widely known among the Indians. The group 
represents the parching, grinding, and baking of maize, which 
goes on in every household. A woman and little girl grind on the 
slanting millstones the com prepared by the parcher. The baker 
spreads with her hand the batter on the heated stone slab and the 
result is the paperlike bread called piki. Another woman is weav¬ 
ing a basket of yucca leaves. The man brings in from the field a 
backload of com ears and the boy exhibits triumphantly a rabbit 
which he has killed with the curved boomerang club peculiar to 
the Hopi. (See pi- SO.) 

TEC SNAKE DANCE. 

Ah Episode lu a Hopi freyoi* for Rain. 

The Indians of the principal Hopi pueblos of northeastern Ari¬ 
zona celebrate in the month of August, at intervals of two years, a 
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remarkable ceremony of several Jays’ duration, whose purpose Is to 
Iwseech the gods to grant min for ihdr crops. The culmination of 
the ceremony is an open-air rite in which live -.n akcs lire carried, 
nivil the mml striking episode of this dance is presented in this 
group, which shows a trio of Snake priests, respectively, the “car¬ 
rier ' the “BDfitainar," and the “collector.” a Line of priests of the 
who act ns chorus, and a maid and matron whose 
*'l i> e is, along with others, to scatter sacred meal on the participants 
as it sacrifice to the gods, 

i tie dance takes place in the plain uf tlie village, on one side of 
winch is built a bower of cottonwood branches in which the keeper 
Of the snakes sits with jars containing venomous aperies, which ho 
bands out from time to time t„ i he . Jirrieru. The dancers march 
m file around the plaza, each stamping on u small board set in the 
ground m front of the bower as he passes, as a notification to the 
gods of the underworld that a ceremony is in progress. They then 
assume their places in two files, facing each other, the Antelope 
chorus fl a nking the brush house, where they sw«y mid chant for a 
few ...mutes, shaking their rattles. The Hie of Snake priests then 
breaks up into groups of three, and they dance around in a circle, 
receiving the snakes as they puss the brush house, llie carrier hold¬ 
ing one or more in his mouth, the sustainer diverting the attention 
of the snakes with a feather wand, while the collector attends to 
gathering the stray snakes. After dancing around for a while, they 
drop the snakes on the ground, to lie seized by collectors, who keep 
them in their hands until the completion of the ceremony, when the 
priests carry the finukes swiftly to the country below the mesa on 
winch the Village stands, where they are released 

>ti b kept «e i» ^mdne* with a. 
WH f Uan lb. Sm Minn of the ™ w.«, „ 

” J “ “ t"" 1 "' P rl,,ress ™* rnl.k-suabns. and how the 

okfer brothers of Ike hlar s . nor„lio nl . Being r ro ,„ „ 8 ' 

snakes an believed „ „ i,, el«* talch 
«,U. A„ guile lint nontoel roll, , .bid, iomna .he era, , iai 
WrRi.ngs OOKfed hy die Hop,, whoa, connlr, is „rjd and .kjsol,*,. 

-Noiiu of these people would willingly kill a Bna l» misill 
harmless. as they nr a regarded us sacred and imbued win'’ S 
the peculiar attributes and powers (J f the gods J, J" 8 " f 

«r™*-r; in ■? *• * a. seeic 

them, accidents rarely or never occur The nanuiing 

toHiay, is nt'inlly witnaacd b>- large of 

tAjiiiaT OBOnr of the tuSh. isouss. 

These Indians occupy the most important of tu , 
shuated in western Xew Mexico. They are of medium 
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well built* and active- Their chief subsistence ia Indian eon^ which 
they cultivate in irrigated fields, and they raise, besides, some wheat 
and vegetables. To tlie.se are added great supplies of wild fruits in 
season. «ueh as yucca and the prickly pear. They hunt deer in the 
neighboring mountains ttnd capture rabbits and other small mam¬ 
mals in the open country about their village. 

The Zufii ore skillful in pottery making, weaving, liead making, 
silver work. Lind in the decoration of objects connected with their re¬ 
ligious life. 

The domestic life of the Zufii is extremely well ordered, practically 
every■thing being iragulntod by a schedule which bears evidence of 
great antiquity. The man bring in the crops from the fields and give 
them over to the care of the women, who prepare them for the eon- 
sumption of the family. The women are adept at making many 
kinds of bread with com flour, the most familiar being a wafer-like 
bread baked by spreading a ilim batter upon a heated dab of stone. 
The water supply of the family ta kept in large pottery jars, which 
are filled by the women, who cany it from the river in vases borne 
upon the head. 

The houses, which are built of stone and plastered with mud, are 
large and comfortable, are kept scrupulously dean, and in tbcm most 
of the domestic industries are carried on, such a* arc illustrated in 
the group. The young woman in the foreground m engaged in weav¬ 
ing a belt of the kind in i-nmmon use. the old man is in the act of 
drilling a turquoise bead with the primitive pump drill, the farmer 
brings in some of the products of the fields, and his wife, emerging 
from an inner room* gives an appreciative welcome; the strong young 
maiden of the family brings in a vase of water, offering a cup to 
the girl who is about to prepare tlonr for the baking, while the boy 
pounces upon the keenly appreciated watermelons* (See pi, 38.) 

ZFNt WOMEN 1UKU70 iViTVEEV. 

Zufii Indian women of New Mexico make pottery by the coiling 
method- The day is gathered front the deposit and carried on the 
bucks of women to the place of manufacture, then thoroughly washed, 
cleansed, and mixed with the proper quantity of pulverized pot¬ 
shards. After shaping the prepared Hay into long rolls from half to 
three-quarters of an Inch thick, the woman builds up her vessel by 
coiling* as shown by the standing figure in the group. When the 
vessel is dried oil the inequalities are carefully removed from the sur¬ 
face, as shown by the sitting figure. The vessel is thru washed with 
fine white slip* dried, rubbed smooth* painted, as shown by the 
seated figure, and then baked in an open kiln made of chopped grass 
Lint! shrubs. The colors used in painting are yellow ocher for ted, 
iron ore for dark brown, and kaolin for white, the brushes being bits 
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of yucca leaf. This is a modem representation of an amient industry 
quite widespread in the southwestern United States, and the pro¬ 
cesses employed at present are identical with tho^e of ancient times. 
(S« ph 89.) 

aWELLDTO GROGP OF THE NAYAHO INDIANS. 

NEW lZtXHO A5TU 

The Wmvaho live in the dry uplands of svestern New Mexico and 
northeastern Arizona, subsisting principally on their floefe of sheep, 
from the wool of which their well-known blankets are made. They 
are not village dwellers, and rarely more than a few houses are seen 
together. The framework of tlte house consist*- of three timbers 
lopped off to form forks at the top. These timbers are inclined ant] 
the forks interlocked and against them arc In id other lesser timbers, 
branches, brush, etc,, and covered with earth. The entrance is 
through a rude covered way or vestibule. The smoke hole b in the 
apex of the house. The group shows two winter hogam or hon.se*, a 
summer hut a sweat house, find a dance house- (See pi. 40.) 

NaYAHO HiBIAN ULAN RET WEAYTEKBL 

The Kara ho women weave excellent blankets, rugs, and belts on 
hand looms, using wool derived from their numerous flocks of sheep. 
The Xavaho blanket has become well known on account of the 
striking native designs in color with which it is decorated as well as 
its durability in service. Their sale brings to the tribe thousands of 
dollars yearly. The yam is spun on a simple spindle, is dyed with 
vegetable su bstanc es or with dyes purchased from traders, and is 
woven on rude looms provided with hcddlcs for separating the warp. 
The weft is wound on a stick and thrust through the abed and pounded 
down with a wooden sword or batten. The patterns, which are 
alike on both sides of the fabric, are produced by laying in a 
colored weft yam between =i counted number of warp threads, 
leaving it out, adding another color similarly, and so on across 
the weaving line. The warps [ire then grossed and the process 
continued. The weaving, being of short weft yarns, can not be dupli¬ 
cated on power looms, though imitations of the patterns and fabrics 
alleged to be N&vaho work have been offered for sale. The woman 
spinning and the woman working at the loom wear dresses of their 
own weaving. The Navaho learned the art of weaving from tW 
Pueblo Indians. (See pi. 41.) 

XAVaJJO INDIANS MAKIM UlLVtJi ORNAMENTS* 

The Xavuho Indians of Aria™ *M Few Mexico were taught n 
rude sort of met til trorkm^ by the Spanish cimi|uerors, snd the/hnve 
twroine very adept m the us? uf their primitive took and apparatus 
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It is known that they did not mine for silver, all of their products 
bein^ made from Mexican ami American coins The silver ie either 
coid-hammered or melted Lu open crucibles by the use of charcoal 
and flux, with blast produced hy bellows having two air sacks of 
leather with valves, which appear to have been introduced from 
Spain by way of Mexico. Much metal is wasted in the operation. It 
is brought into final shape by hammering, punching, chasing, and 
engraving. The objects made arc mainly persona] ornaments, such 
ins buttons, car ornaments, beads, and bracelets; examples are placed 
witli the figures. 

The processes arc fully described by Dr. Washington Matthews in 
the Annual Report of the Huraau of Ethnology', Washington, 1SK3 
pages 16T-178. (See pi. 42.) 

ArAtmx srjLgf and bquaw. 

The Apache Indians belong to the Athapascan family and now 
live in Arizona ami New Mexico, but they originally dwelt in north¬ 
west Canada. For 350 years they have been in contact with white 
people, but have adopted with the greatest reluctance any of the 
ways of civilization. They dress in skins, build dome-simped thatched 
brush houses for habitations, subsist principally on tbe chase, and 
the women make exquisite coiled basketry, 1 lie gradual destruction 
of game has compelled them to use materials obtained from the 
whites in their clothing, but they follow their ancient methods and 
patterns as much os possible. In strange contrast with (lie Apache 
and their kindred are the ffavsbo, who own vast Hocks of sheep and 
are inclined to peace. (See pi. 43.) 

TRIBES OF THE MEXICAN BORDER AND NORTHERN MEXICO. 

The southern slope of the great table-land where the Pueblo In¬ 
dians live is inhabited by the Pima-Papagn Tribe whose language 
form* a separate stock called Pimun, spoken by tribes whose limits 
reached formerly to central Mexico, and the Mohave, Yum as, Cocopa, 
Havasupai, Wabpni, and others of the Yunmn family. The Pimtis 
who arc affiliated with the Fupago exhibit a desert culture and in 
spite of their seemingly unfavorable environment live comfortably 
bv agriculture and by the native vegetal products of the region. 
Their country is hot and dry and irrigation is necessary One of 
the greatest primitive irrigation systems was constructed in pre¬ 
historic times in the Soft River Valiev presumably by the ancestors 
of the Pima. The Fimas wove native cotton and wool cloth up 
to a score of years ago. They make pottery and excellent baskets. 
Their architecture is crude, but as is shown by the ancient ruins of 
Casa Grande near Florence, Arizona, they were formerly great 
builders. 
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I he 1 liman tribes in general are the least advanced of any tribes 
in ^ortli America and fall Inelow the Apache in this respect* The 
\ Uman tribes are found in Arizona, southern California and Lower 
t tdifiirnia* They also may be characterized us having desert culture 
of :i more complete type than the Pima. 


DWELL! Ka Oltour OF THE FATA GO INDIANA 
Type of the SoiiDltm Pro vl nee. 

1 lie Pupugo Indians Lire of the Pimnn family, inhubiting Puna 
County, Arizona, and portions of the State of Sonora* Mexico. They 
dwell in dome-straped houses in which n frame of inesquite poles is 
fastened together with yucca twine imd covered with gross. The 
top is o\erJu3d with adobe, and the walls arc protected with long, 
thorny, cactus stalks* Other outbuildings are the kitchen circle, the 
Rtfouv shelter after Mexican model, and the round house showing 
fftmetum] feature The food of the Papago is chiefly vegetable, the 
staple lacing mush from the beans and pods of the mcsqulte tree. 
I liey ii in* potters and use the puddle and band stone in building up 
tin* wnrlt. The T tipiigo wore little costume, the modern dress being 
modified after European pattern. The men formerly wrapped skins 
about their loins, and women were clad in fringed petticoats of 
sli redded bark and loaves* (See p|, 44.) 


MGIIAVE IJJM1AU CHIPT. 

The Mohave Indians ticking to the Yuraan stock and live m the hot 
desert region of southwest Arizona. The men wear onlv a cincture 
of the interior bark of the willow nr the cottonwood tree. *The women 
wear skirts of the same material reaching to the knees. Fur the 
purpose of comfort, us well ns for ceremonv. they paint tlieir bodies 
with different colored clays, a custom quite widely dispersed over 
the warmer parts of the conlinem m pre-Columbian times Thcv 
subsist on vegetable food chiefly and the women make excellent pot' 
tery hy mull™ting-that is, Ly working the dny into shape bv beat¬ 
ing it with a puddle, Tin- men use u very long thick how without 
backing, and arrows of n-cd with three short feat infra The fore 
sbnfts of wood are rendered heavier by „ coating of gum. (See 
pi- 45.) 

PAiiitv (laorrr ov run qoooKa Indians. 


The group is intended to stand us u tvpe of ib* i*™ ■ . .. , 
,!, t . and region of the far southwest of tbTunitel States an^rth 
western Mexico. The pnmupat tribes of this region a™ the Pi™ 
Papugo Muhav^ uma Kawia, and Seri, whose manner of Jifo 
largely determined by the character of the cotmtty, which is hot ai 
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dry, and characterized hy sparse, thorny vegetation and restricted 

animal life. 

The Compos are in a limited way agriculturists, raising corn on 
the flood pkins of the Colorado, and besides, securing much food 
from grasses, the mtequilc, agave, screw bean, and cactus. They also 
fish in the Colorado and in the sinks formed by overflows of the 
river, and hunt rabbits and other small animals. 

Their manufactures are of the few articled required for their simple 
needs, such us water-cooling jars of porous pottery, cooking pots, 
etc*; simple cord work and weaving for nets and clothing; and orna¬ 
ments in shell, feathers, etc., for the head and neck. Important house¬ 
hold occupations are illustrated by the two women, the one cleaning 
seed* with a basket* and the other pounding grain in a wooden mor¬ 
tar. Water for drinking is cooled in a porous pottery jar set in tile 
crotch of u tree where the air circulates freely, and the returning 
fisherman 1ms his clip filled by Lite willing boy* 

The pastimes of uncivilised peoples tend to some useful end like 
the instruction of the buy in archery, which also furnishes amuse¬ 
ment tu die whole family* The sun shelter at the back of the group, 
made of rude sticks, serves also for the safekeeping of the wicker 
grain storage basket, jars for seeds, digging stidcs, and other imple¬ 
ments of husbandry. (See pis. 46 and 47.) 

TniBEH or CALIFORNIA. 

California posse*ssa.s a contiderahk diversity of i-lirnatc and topo¬ 
graphical features and more different stocks of Indian languages 
than any other region of North America, Ay a group of ethnic 
provinces California is more isolated mid isolating, in reference to 
human occupation during the Indian Regime, than any oilier portion 
of the United .States* There are really three ethnic provinces in Cali¬ 
fornia i Northern, central, and southern. The central ami southern 
provinces are inhabited by tribes influenced by the desert culture of 
the Great Basin, the southern province by desert tribes along the 
Mexican boundary, while the northern province presents a diversity 
of tribes. 

Agriculture was practically nonexistent among the California 
tribes. Maize was unknown except to the southeastern tribes. The 
abundant and varied natural food supply was more than sufficient 
for the native population* One of the more important food resources 
was acorns, which supplied the need for starchy food. 

While there an? various degrees of culture among the many tribes 
of California, in general the California Indians show considerable 
pmgttsa The coast tribes were farthest advanced* Though archi¬ 
tecture was not important, the California Indians excelled in the 
minor arts, evidencing great ta>te and skill in every tiling they made* 
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Nowhere in tlie world did the basketry milker’s art attain such per¬ 
fection or show such esthetic feeling in form, color, and decoration, 
heather work, shell work, utid stonework were also superior. 

DWELL! KR RUOUP or Tlii; D 1 GGEK INDIANS. 

The so-called Digger Indians are of the Pujunan and the Mo- 
rplclumnan family, and occupy an extensive urea in eastern Cali¬ 
fornia. They received the name of Digger Indians from the use 
of roots in their arts. Their dwellings are primitive, but modified 
through influence of the whites. This group inch ides the communal 
house, a framework covered with hoards and shingles; the mill 
shelter; the summer house, where the household arts are carried on; 
the storage platform: and the granary. As these people subsist 
largely on acorns, n great part of the woman’s life is spent in gather¬ 
ing the nuts, carrying them home in conical baskets suspended from 
the forehead, drying and hulling them, grinding them in stone 
mortars, si fling, leaching, cooking, and serving the men I in the form 
of mush. Hip men are hunters and fishers. (See pi. 48.} 

FAMILY CttOtrr OF nUI-A I KPT A NS. 


Nnrtln-m CHilfomlA, 


The Hupa Indians of northern California Iwlong to the Athapas- 
can stock, tie principal territory of which lies in northwestern 
CiiiiBdft ami the interior of Alaska. They subsist on the abundant 
salmon of the streams, the gnum of the mountains and the pn>ducts 
of native vegetation, especially acorn*, which are used for bread. 
The aroma are crushed with n pestle in basket mortars: the meal is 
leached out in sand lasins, atui rooked into mush in water-tight has- 
kets by inean“ of hot stones, or is baked on soapstone dishes over the 
mds. Tile men are valiant warriors and great hunted wearing 
timior of thick skin and of woven rods in battle and po&earing s *mew- 
backed bowa of extraordinary strength- The women excel'in tan¬ 
ning skins, which ate used for clothing, and in making baskets the 
latter in the absence of pottery serving in a wide range of n^- Vie 
artistic inclination of the Hupn, which thev possess in cV,i ,ij 
gree. is shown by their headword, feutherwork. bows a nT^„ 
teiatete. the erring of stone pipe*, knives, mortar* and 
m the shaping of boxes, daggers, and spoons from antler 

Thisgroup mmte the family engaged in the varied occ.ma- 
ton, «f the hMMhnl.1noil melnde. . ,, ri „^ ; >m 

onk ^v" , lnute ..r ««rn, supported hj of, he^mn 

another is pounding acorns into Hour in the hnslvi i. M ; 111 P, 
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and u little girl carrion the baby, secure in its wicker cradle. The 
mun of the family, just arrived from a hunting trip, is striking fire 
by rubbing two sticks one upon the other, an art in which the Hupa 
ar c veiy proficient. On the ground are baskets for sifting, for 
cooking, and for storing the acorns; wooden bowls and headrests, 
spoons, paddles anti other domestic monsits, examples of which may 
he seen in detail in the neighboring case. (See pL 40.) 

TRIBES OF MEXICO AND CENTRAL AMERICA. 

In the great territory covered by the political divisions of Mexico 
and Central America we find centers of high culture and organised 
civilization, while at the same time there were, as to-day, tribes very 
low' in the scale. We may contrast the cultivated ancient Aztec with 
the ancient Chichimec named “ filth-eaters,” or the modem .Mexican 
with the savage, reputed cannibal Seri, dressed in an apron of 
pelican skin. Many tribes in Mexico are in the aboriginal state, 
possessing the arts and industries of ancient times. Central America 
presents the same human contrasts. Some of the tribes of Central 
America likewise illustrate the decadence which has taken place 
since the grand period* of the May a civilization whose art and 
architectural remain* astonish the world. The connection of the 
Maya civilization with those of South America is perhaps not close 
and, with Old World civilization, is as yet u matter of conjecture. 
The present Maya culture presents few features of interest 

fiEItl INDIAN ItrNTEft. 

The Seri Indians, who occupy Tihurou Island in the Gulf of 
California and the adjacent mainland of .Sonora, Mexico, subsist 
largely on fish. moUiisks, turtles, etc,, from tho waters of the Gulf, 
and the flesh of pelican*, cormorants and other water fowls, usually 
taken at night on islands adjacent to Tiburon. During autumn and 
winter, and sometimes nt other seasons, they repair to the mainland, 
where they subsist chiefly on the flesh of rabbits, wild turkeys, pec¬ 
caries, deer, etc. Their diet is varied in autumn by the addition of 
fruits of cacti, with berries, mosquito beans, etc. They neither plant 
nor cultivate, and have no domestic animals except dogs. Most of 
their food ts eaten raw, They have (>ccn constantly at war with 
the whites and other native tribes for three and a half centuries. 
Their chief weapon is the bow anil arrow, ami they claim that their 
arrows are poisoned. They nre remarkably swift of foot; three or 
four hunters frequently take large game bv surrounding the animal, 
liring it out and slaying it with dubs and stones. The costume is a 
skirt of pelican skin, short for the men, longer for the women. They 
paint their faces with elaborate designs, using mineral pigments of 
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Family Group of the hupa Indians. 
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flit* Incus, had perfected the most complete political and military 

organization known to have been formed among the American 
aborigines. 

The Indians of the Amazons were somewhat further advanced than 
those of the north. The stimulus of communication over the ex- 
tensive water system of the Amazons was fdt by these tribes. Alon^ 
these highways of travel there was also felt, though slight!v, the 
influence of the distant civilization of Peru, growing more evident 
among the tribes on the upper affluents of the Amazons. 

In the South Temperate Zone of South America are found condi- 
^ons approaching those observed on the Plains in North America. 
The tnbaj of Indians aiso exhibit characteristics due to this en- 
vironment. On the great open grassy plains game was abundant 
and herds of wdd gunnaeos took the place of buffalo. 'Hie introduc¬ 
tion of the horse also produced the phase of migration of freer 
movement seen on the North American Plains. The Fuegian and 
other tribes on the southern extremity of South America were rude 

triST™ ^ Mm3p ° t,d ' m lhis m l™ ct w5th 50015 of the sub-Arctic 

DWlKo GJiorr or the cahib Indians. 

WHTTflH <JtriA_TA. 

f ar | b and t Affllwak atocks •“*“3 f similnr culture 
me in the forests along the streams In the Ouianas. They build 
large rectangular houses roofed with palm leaf and with one or 
more sides covered with the same leaf. Within the house hammocks 
me swung from post to port. Outdoor work consists of the grating 
pr*?5ing. sifting, and cooking of cassava, which is an important food 
resource o t itse Indians, pottery making, wood carving, canoe mak- 
i Ig, e e. Some times the Arawnk build a conical cook house. The 

|)I P M jT d ° th<!r ^ aDUnah flrQ rtostec1 0Q * wooden grid. {See 

FA SOXT 4BOUF OF THE CARIB&. 

RiS^T iribefi °L the , Carib - Ar * wak 5t0ck Kw the interior of 
British Gumna, where they have only recently been visited by white 

men. The eountiy is densely forested and tropical and the products 
and climate are like that of much of northern South America. The 
i i il>es of n vast region therefore are in about the same degree of ad¬ 
vancement which is not very high, but is interesting as a type of 
tropica] culture, showing the great degree of repression exerted by 

exuberance of vegetal growth. 3 

The group shows a warrior with blowgun; a woman and child 
squeezing Cassava, which we know as tapioca, in a primitive l ever 
press, the pressure being exerted on a tubular basket and the liquid 
42803*—22-il ■ 
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portion collected in u vessel set beneath; a woman decorating a tree 
gourd bowl with characteristic interlocking designs, and a child hold¬ 
ing a pet bird and flowers. A hammock swinging from two house 
posts represents the bed in general use in Mexico, and Central and 
South America. (See pi, 54) 

piy BT.T.n rn nsOTJP OF THE Q0A4IHO3 iffipiAHS. 

The discoverers of the northern coast of South America were as¬ 
tonished to find tribes living in huts built out over the water, and 
so they gave to this region the name of Venezuela, or Little Venice. 
These huts, only u few feet square, stood among the trees, fin pint- 
forms constructed by interlacing the stems. These structures were 
afterwards supported on piles driven into the mad ttnd stood 
or fi feet above the water. In the center of each platform was a 
pile of earth, and on this the fire was built and kept continually 
burning. Over the platform was suspended a low roof, thatched 
with palm leaves. Access to the house was had by means of a 
notched tree trunk. The natives moved about in dngout canoes, 
and, when the water was high, one of these could he seen tied to 
every notched ladder. Little clothing was worn, but there was 
much decoration of the person with feathers and seeds, and with 
the bones and teeth of small animals, (See pi. 55.) 

DWELLING OBOtTP OF THE J AH AH API INDIANS, 

The .lamamndi live on the upper Purus River in western RnwiI, 
Their houses, which contain many families, are sometimes 330 feet 
in diameter and TO feet high, and consist of an elaborate frame¬ 
work thatched with palm leaf, There are also small shelters with 
Hoots raised from the ground for special uses in preparing food, 
or as poorer dwellings. These houses arc always built near the 
banks of navigable streams. Canoes are made by folding tip at 
the ends strips of bark taken from a large tree. The principal 
subsistence is cassava and maize. The cassava roots are grated on 
a board set with sharp pieces of stone, the poisonous juice pressed 
nut In a tubular basket, and the starchy residue ground into flour. 
Basket making, wood carving, and other minor arts are similar 
to those of tropical South America. (Sec pi. 50.) 

JTVABO INDIAN CHIEF. 

The Jivarns are an independent stock of aborigines living nn 
the headwaters of the Postaza, Santiago, and other affluents of the 
Marnnon River. Peru. They hunt and fish with the sorbaran or 
blowtube, the spear, and with Imws and arrows. They also prac¬ 
tice a primitive agri cult lire. Their houses, as well as their tools, 
are of wood. They use for signaling huge wooden drums and pro- 
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Jivaro Indian. Chief. 
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pare tlw Load* of their enemies by removing the skulls and shrink- 

U f ' ^f" 8 Wl * l lot san<i - Tte e <*tumo of this figure consists 

of a headdre® andctortnre made of bark cloth beaten out and cov- 
, * lin feathers of the toucan and blue chatterer. The necklace 
armlets, and leglcls are of seeds, beetle wings, monkey teeth, and 
teeth of the puma. (See pi. 57 .) ^ u 

DWEUJKO CROUP Or TUB TEftT“EL 01 tt rHUlANS. 

The Tehuelche Indiana live in Patagonia, south of the Rio Negro, 
rabulous stones arc told of their stature; they are. in fact, amon- 

r° P U” tU , 7° rhL Tho]v footl » derived main!? 
frem the chase. They clothe themselves In the skins of animals 

an I the.r women are expert, not only in dressing hides, but also in 
sen mg them and decorating them with patterns in various colore. 

. . “ J°?f 1(1 Fe ] n ' ,?k ‘ h * s ™v*c a framework of sticks with a 
number of sbns sewed together. These shelters, generally open in 

S S and * "'™ 

a ™ sho ™ a lcnt if * P"*«* ^ construction, a 
. ***}' ftnd . a tenponry shelter. Men and women are on- 

gnged in the various industrial activities of the tribe—dressing 
bides, curing meat, and erecting the tent. (See pi. as.) 

PAM 1 XT GBftUP or THE TEHUELCILE l.VOJAXS. 

The P.t^onim, .pply to lliom«lvc s tl.c mnt Taonec, hot th.!r 
n« ? U*„ ™u tlipm Tohoofch,, or South.™* Tho, B™ ,0 Z 

&“Si, d ^rv: r * o " ll :T Pu **“ u - ”" d ■" ** *«- 

hides of n mttte tentS * 0r toldo8 » «• tho 

snirdt w ! d , for th,S ^ Tposso °* pelts of the giionaro. or 
, | c . an “ B9pot ' iaJ1 y V «1 liable, These hides are also 

de into robes by piecing and seeing, the fleshy aide being often 
decoretea with patterns in colored earths. Robes are also made fm m 

fohH« h0rS? l f m r |T Skm \ Wearin ^ is not Practiced, but various 

tebnes are obtained from tribes to the north. On account of a dmi 

™r ™t Ch ? ir "i 5hef ’ n]most exclusively animal food, 

like .hl ’lTT M*^ PMaS Mansof «» United States, and 
m ' Iri athletic, and most ctiitragwiL* warriors. Tha 
EJimp of tnbos tn which the Tchuelrhe belong is now on the verge 
of extinction. The horse, introduced by the Spaniards into America 
took kindly to the grassy plains of Patagonia, and the Indians there-' 
upon changed their activities to adapt them to this new domestic 
animal. On horseback they hunt the gtiannco, the rhea, or American 
ostrich, and even the cougar, using the bobs with much skill 
Tn this group, the family is on the point of breaking camp. Tho 
man, wearing n skunk-skin robe, is ready to mount his horse, bold i mi 
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in hand a bolus. the principal weapon of the trthe. One woman has 
already mounted, and the boy assists in completing her outfit. be 
second woman is rolling up the skin robes of the household, while 
the child halters the pet rhea. The curious bowed cradle con taming 
the sleeping Infant stands on the ground near by ready to be fua- 
tcned crosswise over the bundles on the back of the horse, [fjee 
pi. 59.) 

TRIBES OF AFRtCA. 

The Museum has as yet prepared only one group representing the 
varied and numerous African peoples and environments, namely, the 
Zulu, who are the best representatives of the widespread Bantu stock. 
The Bantu are not as dark and do not possess the pronounced char¬ 
acteristics of the Negro, The Bantu also have developed further 
than tho Negro in social organization, though not in arts. Some idea 
of the extent of the area covered by the Bantu is conveyed when it 
is avid that almost the whole of tho peninsula limped southern part 
of the continent is Bantu. The exception are the Hottentot and Bush- 
men of the southwest tip of the to at in tat, peoples of yellowish -km 
and whose relationship or origin ia conjectural. 

The northern half of Africa is divided among Negroes and Dwarf 
Negroes, Huinites, Betters, and Semites, The geographical ren¬ 
ditions here embrace the greatest desert in the world, the Sahara, and 
semidesert and semiurld territory. There is little cultivation here 
without irrigation. In this grand division of the continent, following 
in the first pUce die law of tho stimulating of progress by environ¬ 
ment and in tho second pluee the introductions from other centers 
of culture by migration, commerce, and such happenings, we find 
several centers of great civilization and a number of minor centers. 
The southern half shows no likeness in this respect to the northern. 

DWELT.! HO OKU UP OP THE ECTLtJ. 

South Africa. 

The Zulu are representative of the populous and powerful Bantu 
family. They live in a seminrid country and subsist on maize, wild 
fruitssl domestic animals, and game. They inhabit well-planned Vil¬ 
lages under the rule, of a chief. Their villages are circular and sur¬ 
rounded by a fence. The houses have dome-shaped frames thatched 
with gross. The family occupations are carried on outside the houses. 
Storehouses, small houses for animals and other purposes ate scat¬ 
tered among the dwellings, The Zulu make pottery, baskets, wooden 
vessels, brew liccr. nod work iron into weapons and agricultural im¬ 
plements, (See pi. 60.) 
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Family Group of the Zulu-Kaffir, 
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Plate 62 . 


Zulu Chief. 
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Plate 63. 
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fa si ily grout or Tire ZFKr-KArrm. 

South Africa,. 

The Zulu- Kaffir and related Bantu tribes are physically strong 
and energetic and not so dark as the true negro* The Zulus are tail, 
dark brown, witli woolly hair of elliptical section and have long skulls* 
In respect to military and social organization they are superior* and 
in mis and industries compare favorably with other Africans, They 
mo unclothed except the apron or benene, and their weapons are 
the spear, sliidd, and dub. They depend upon maize and wild fruit 
principally fur their vegetal food supply and on cuttle., gnats, chickens, 
and wild game for their animal food. The group shows a section of 
jl house with doorways a fireplace on which a woman is cooking mush ; 
a woman dipping beer from a large pottery jar; a woman from the 
hdd with hoe: a water carrier poising her jar on her head; a man 
playing the marimba or xylophone; and a boy bearing ostrich eggs. 
The group represents these people as they existed some years ago* 
before they were affected by contact with white men, (See pL 61.) 

ZFLF CHIEF, 

The chiefs of the Zulus were selected for their mental and physical 
qualifications. They are therefore usually line specimens of men 
among a people whose physical development 1 ms often been remarked 
by travelers. Among the prominent men the hair is made into a roll, 
cemented with gum and kept highly polished* The apron m of 05 - 
t nib, and a largo fur cape called " karoos M is sometimes worn over the 
shoulders. (See pi. G 2 ,) 

BERBER MAN. 

The Berbers belong to the 11 ami tic stock of the white race scattered 
throughout North Africa. They are talk well proportioned* and mom 
muscular than the Arab. They have bronzed ’kin, brown eyes, and 
black, straight hair. 

fhki ancient stock once occupied southern Europe, the Spanish 
Peninsula, the Canary Islands, and the inlands of the Mediterranean* 

I hey are characterized by a strong feeling of equality, benevolence 
dignity, and individual freedom: and on the other hand, a want of 
activity* of economy, love of work, and fondness for home. 

The costume, which is scarcely distinctive of the Berber, consists 
of n flowing outer garment of cotton, long inner garment of fine 
muslin* cotton trnusei*, yellow leather slippers, and a fez* The long 
gun is of native manufacture. (Sc* pi. 63.) 

QHADAMES OIRL [IlAMTTIC FAMILY) - 

Life-size figure of a girl 12 years of uge* made in colored term cotta, 
by Pagmuo, a Sicilian sculptor living in Borne. GJmdames, or Rha- 
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dames, is a walled town in western Tripoli, North Africa, about a 
mile in diameter. The principal portion of the population belong 
to the Berber raw. These live in n part of the town specially inclosed. 
Outside of this place is a mixed population of Arabs and Negroes. 
The streets arc narrow, dark, and nearly covered over with project¬ 
ing upper stories of houses. The flat roofs furnish a continuous 
pathway. The inclosing wall protects the town from the drifting 
desert sands, Gardens of dates, figs, apricots, and melons are watered 
from wells. G bn dames is a stopping place between the coast towns 
and the Lybinit Desert. (See pi. 64.) 


SOMALI MAN. 


The Somali live in East Africa, their country being known ns 
So malila nd, They are related to the old and modem Egyptians, the 
Abyssinia ns, the Masai, and other African peoples of the eastern 
brunch of the Uamitiv stock. They are dark in color, of fine physique, 
and have straight noses, and ringlety, though sometimes quite 
straight hair. Herding is the chief occupation, ami milk is their 
staple food. The Somali are valiant warriors, but in time of peace 
are noted for their hospitality. (See pi. 05.) 


DAMRAKA MAX. 


The Bambars are Sudanese Negroes living on the Niger and be¬ 
longing to D branch of the Mandingun family. Their food is rice, 
millet, cassava, and dates. In art the Ram burns have been advanced 
by their position as middlemen between the coast and the interior. 
Their costume consists nf a long, brown, cotton shirt, to which are 
tied numerous charms, consisting of verses from the Koran wrapped 
in oiled cotton. On the forehead they wear u fetich made of antelope 
horn filled with medicine and wrapped with red doth. Their weapons 
are bows and short reed arrows, (See p|. 66.) 


waohaoa max. 


Th 1 e "I*”! A »< B««l» *ock, live on the south- 

em slopes of Mount Kilimanjaro, East Africa. They are an later 

esiilig people, friendly but exceedingly sopwrtitious, much harassed 
by the Vtfti end in turn raiding the Wa Gucno and other tnC 
The M mhugu posses considerable skill in iron working 1I.*;,. 

Ling the largtot and finest in Africa. Tbrfr ' 

oval t dewratoil with totemic symbols ^ m \ !■!.*„ , \ 

and poisoned arrows. As farm^Caraln*!* dubs 
scmidoiliest i rated the wild bee. They hunt th« .T'* t * iave 
the slopes of the mountain of Kilimanjaro but <U° n 
high on the mountain. The face r uff ot until ^ 

imitation of their enemies, the M:,sai. pj ^ I * unte ® is worn in 
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Plate 65. 



Somali Man, 





































5m ifHa.--puari R«p*rt. 1$2*—HatifH r 
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BAMBAftA Man. 
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PLATE 67. 



WACKMA Man. 
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memo* majl 

The Wolof are Negroes of the western Sudan, living between the 
lower Senegal it ml the* Gambia Blvers. They are tail* intensely 
black in color, but have regular features. Their laiiguage is Negro in 
type and is the medium of communication throughout Senegambia* In 
religion they nre Mohammedan, but retain some of their old fetich ism. 
They pay great attention to dress and personal adornment. Tilling 
and trading are their chief occupations, and they act as middlemen 
between the tribes of the coast and the Interior* (See pi* 68*) 

TRIBES OF MALAYSIA* 

This complex aggregation of peninstila, islands* and sea has Ijoen 
the scene of extensive migration of peoples and interchange of cus¬ 
toms. Perhaps no other sec tion of the world has been a like swarm¬ 
ing place of peoples. The ethnic groups show the diversity of Malay 
peoples and include also the aboriginal ^"egritos of the Philippines. 
Taking the last first, the Negritos have been discussed pro and con as 
intruders in the oceanic area nr as remnants of the aborigines once 
inhabiting sundry inlands. This difficult problem has not reached so- 
lutioiL Included in the groups of the Philippines is one ease exhibit¬ 
ing the highly developed textile art of the islands* 

The Dyaks of Borneo have been taken as typical of the Malay and 
the Igorot as si divergent branch* The Dyaks ore evidently a much- 
mixed race, and pure types are therefore difficult to obtain. No im¬ 
portant culture venters are to be observed in this area, but in Java, 
Sumatra* and some other areas interesting development has been In 
progress* influenced in all probability from India* 

The Malaysian tribes are in all stages of moderate culture* Some 
of them subsist on Jungle product* and others cultivate principally 
rice. The arts of Malaysia are profoundly influenced by the bamboo 
and rattan, ranking among the highly mseful plants of the world. 

DWELLING GROUP OF THE OTARS. 

The Dyaks are of Malayan stock chiefly and live mainly in the 
heavily forested interior of Borneo, subsisting on rice, sago, native 
fruits* and gnme. They are expert in the use of the blowgun, in which 
they employ poison-tipped darts. In many respects the culture of the 
Dyaks is similar to that of the forest tribes of South America. Dyak 
bouses are communal—long structures erected on high posts with a 
wide bamboo ^floored porch whore the household activities are carried 
on. These houses are built along the rivers* Bice storehouses and 
other smaller sheds tire also built. The Dyaks are good boatmen and 
make large dugout canoes. (See pi. G9.) 
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FAMILY GROUT OF THE DYAK 3 . 

The Pyuks are expert house And boat builders. Rice, sago, tropical 
fruits, monkeys, wild pigs* and other game yield them subsistence. 
The Dyaks are warlike and are si ill to somo extent head-haute ns. 
Their weapons are spears, short swords, blowguna with poison-tipped 
darls, and rarel}- bows and arrows. 

The group here shown represents a Dyak family on tire porch of 
the communal house carrying on their various occupations. Two 
women pound rice in wooden mortars: another woman carries rice m 
a back basket by means of a head strap; a man armed with a blowgun 
brings in from the forest a red monkey which he has killed; and two 
children play a gome of cat's cradle, which is a familiar form of 
amusement in tlak part of the w orld. (See pis. TO and 71.) 

DYAK MAN. 

The skin of the Dynks b light brown* the hair jet black, straight, 
of wavy; the nose short, wide, and flat- Their height is about 5 
feet 3 inches. While skillful in iron working and other arts, they 
are stationary in development. 

The costume consists qf a rhawat worm about the loins* and a tur¬ 
ban made by wrapping a scarf of cloth or bark around the head- 
Several large rings adorn the ears. The Malay weapons borne by 
this figure nre the spear; tlic shield, with tufts of human hair; and 
the curious serpentine dagger called kris. (See ph 72.) 


FAMILY GROUP OF THE BONTOti IOOROT. 


FhlUjipIiie Island 


The Igorot are of Malayan stock and live in the higher central 
portion of Luzon, principally in the Province of Rotitoc. They 
cullivate ri.ee in terra cca on the bills, nod also plant utilize, bananas, 
sweet potatoes, and other crops; weave doth; make pottery; and 
mine anil smelt ore. Their houses are lightly const meted, and are 
gathered together into villages, ruled over by dam councils. The 
population of each group is, os a rule, at enmity with all others 
and because the Igorot are the least modified of the Philippine 
tribes they were until recently addicted to the police , ]f ], eUi j_ 
hunting* which they held in common with many Malayan groups 
of the East Indies. * * 


At the tin* of ttiu War with Spain, Igomt hvi&3t „ ui d wit| , 
armor, spears, boles, and knives, were pushed forward by the Stum- 
» f* “W Antencnn troops and it is .said that they dispkved 
much courage during the slaughter that followed * * 

The Igorot is of * cheerful disposition, strong,' a wodsBr 
and Incited to peaceful pursuit*. II* j* of a 
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Dwexuno Group of the Dyaks. 
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Closer View of section of Dyak Group. 


StnltAwnlin igso -H-nigh. 


Plate 7L 

















SmltfoiOfliifl Report t9W—BougH, 


Plate 72, 



Dyak Man, 





















Smltmefilan flsport, mo— HoueJk 


f 



lOUOU\ 001 NOS 3HJI ,40 dnouo ATlHVJ 












Sffillhiijflliji Retrtrf, 1920—Hough, PLATE 74. 



Family Group of the Filipino*. 
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Qne muscular development, black eyes und hair, smooth^kin, and 
differs little from the Byat of Horneo, to whom he is related, 
evasion ally there is seen among the Igoret traces of an admixture 
with the Negrito, whom they supplanted, and on (he borders of 
their habitat they merge into other uncivilized tribes. 

The section of a house at the back of the ease is a granary for 
rice ami underneath iL are stored billets of lire wood. The older 
woman is engaged in making pottery in the primitive fashion and 
is surrounded with the material and tools of her art. The younger 
woman, carrying a child rm her back, has just returned from the 
Bpring with a jar of water on her head and a basket at her waist. 
The man tarries supplies with the balance pole. He also has a. 
spear and a head-hunter's basket. The girl is peeling remotes or 
sweet potatoes and greets with a smile of approval the boy who is 
starting out to snare a wild jungle fowl. (See pi. 73,} 

FAH 11 .Y QBOtTP fiy TITO T II.If’nv’GS, 

Luzon, Philippine r.-ilamls. 

The Filipinos are of Mulnyo-Polynesian race whose blood has 
become somewhat composite through contact with foreigners. They 
represent the class of islanders who have been longest under civilis¬ 
ing influences from without, and (specially under the Spanish 
regime. Their arts and industries, in consequence, have been modi- 
lied greatly, though preserving the basis derived from racial inherit¬ 
ance. The Filipinos are skillful workers in worn!, metal, and tex¬ 
tiles and have also made considerable advancement in the fine art* 
They are widely known through the products of the loom and nee¬ 
dle. which are delicate fabrics enriched by color, embroidery, end 
drawn work. 

Ibis group represents especially the several processes connected 
vith the making of cloth which are carried on in manv Filipino 
households. The man brings in, by means of the carrying pole and 
baskets, raw material of cotton and liber, together with tempting 
fruit, for which the girl winding bobbins reaches out her hand. Near 
by. crouched on the mats, is a woman ginning cotton in a simple 
machine, and back of her is a spinner employing a primitive wheel. 
Ihe weaver in the comer is absorbed in her work, which requires 
patience and concentration. The furniture is of the simple ehuracter 
found in Filipino habitations. (See pi. 74.) 

fahtot anon* or tub nxohitos. 

The Negritos are small, black, woolIv-liaired natives inhabiting 
out-of-the-way places in several islands of the Philippines, but mostly 
Jiving in the great island of Luzon. They call themselves Aetn, and. 
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because tffby are very shy, make their home in the mountain forests. 
Their houses are rude shelters scattered through the country and 
never git the red into villages like those of the Igorot. Little was 
known in America concerning them until the acquisition of the 
.Philippines by the United States. 

They cultivate « little, hut depend for food principally on the 
fruits of the chase and forest products, a few of which they exchange 
with the lowland people for cloth, rice, or iron sufficient for their 
small needs. They are keen hunters of wild animals, and their traps 
are qui te ingenious. 

Their only weapons are hows and arrows, and in the use and manu¬ 
facture of them they are very skillful. Among them is found a 
primitive method of fire making by sawing a knife of bamboo acrosi 
another piece, ns shown in the kneeling figures, the fire rising in the 
ground-off dust which falls beneath when the lower bain into is cut 
through by the. friction. 

The Negritos are cheerful, intelligent, peaceable, and morn]: they 
love music, ami one of their chief amusement?; is dancing; they are 
bom pantominiists, and, like children, dramatize the events they wish 
to relate. While physically the Negrito seems inferior, in reality he 
is strong, marvelously agile, and his black, wizened, dwarfish frame is 
capable of incredible endurance. Though nothing definite is known 
of his origin, the Negrito is thought to be a. remnant of a once wide¬ 
spread population related to the Papuans, the Andamanese, and 
other I duck. woolly-haired peoples of Oceanicu. 

The group represents a Negrito family hefore their rude shelter 
habitation in the mountains, the women occupied in nursing the baby 
and in pounding rice, while the men are making a fire with the bamboo 
sow to cook a jungle fowl, which one of them has brought in. (See 
pi. Tfi.) 

TUiifiis or rOLTNESU. 

The settlement of the multitude of islands which make up Poly¬ 
nesia is the result of the mu-t extensive migration known. This 
migration is estimated to have begun from some focus in the East 
Indies about 1,500 years ago. These emigrants did not know any 
metal, and had no domestic animals except possibly the pig. They 
had developed the art of host building for deep-sea navigation and 
had perfected the drying and packing in small compass of nourish, 
ing vegetal food for long voyages. All this implies a considerable 
advance in the arts and « long preliminary course of preparation. 
The Polynesians have carried their arts all over the Pacific, and as 
a practical uniformity is observed throughout the area, the whole 
migration may reasonably lie considered to have taken place within 
a comparatively short period. 
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Dwelling Croup of the Samoans 
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The Polynesian language, it has been affirmed by William 
Churchill, is of primitive type as though in the process of forma¬ 
tion. The subsistence of the Polynesians was also primitive in char¬ 
acter, derived from the sea and from tree and uncultivated plant 
products. They were thus in the preagricultunil stage. From whui- 
ever focus the Polynesians departed, in this original place there ex¬ 
isted no Hoe or other grain, no domestic animals, no metul, and no 
weapons except clubs and spears. We infer also that there the houses 
were not erected on posts and that weaving was unknown. The 
Polynesians are not only one of the most interesting races, hut they 
present some of the miist difficult problems, 

DWELLING OROl'I* OF THE AAMOANS, 

Shiqobu Islands 8outL rad lie. 

The Samoan houses arc elaborately constructed frameworks tied 
together with coir cord set on platforms of bowlders. They are 
thatched with palm leaf and are provided with palm leaf screens 
and partitions. The Samoans have no woven textiles but make a 
light strong fabric from beaten bark which answers for clothing and 
bedding. They also make fine mats, canoes, bowls, pillows, etc., 
which are carved from the hard, red-brown Samoan chestnut wood. 
(See pi. 76.) 

FAMtLT QUO Cl* OF THE M HOAX ISLANDERS. 

The Samoans are of the brown Polynesian race which at some 
early period spread over the Pacific to numerous widely separated 
islands and reached to within 1,300 miles of the South American 
continent. The Samoan Islands were visiter] by the Dutch navigator 
Roggoveen in 1722. and named by Bougainville in 1768. Like the 
JIuwaiians, the Samoans live in villages which are scattered along 
the coasts of their tropical islands. They were formerly ruled by 
hereditary chief*, but as the islands now belong to the United States 
and to Australia their governments are accordingly administered 
by these countries. 

_ Dread fruit, bananas, taro, potatoes, and coconuts furnish the prin¬ 
cipal food supply, and fish are eaten. The only domesticated animal 
is the pig. The Samoans are robust and active, their warlike exer¬ 
cises with club and spear, and their constant practice with the canoe 
paddle developing a fine physique. They are cleanly, and delight tn 
flowers and perfumes. The men excel in woodworking, in building 
claim rate houses- in making large canoes, and in earring out bowls, 
dishes, clubs, and spears from native woods. The women weave mats 
of the finest texture, and beat out bark cloth of strong fiber with cor¬ 
rugated dubs, decorating the fabric with native designs in color. 

The central figure of the group is a maiden preparing kava. a cere- 
mania) drink, by straining out from the liquid the pulp of the 
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pounded root. The young woman standing on the right welcomes 
the man, offering a fine wedding mat bordered ivitli parrot feathers 
for lib inspection, and the child arrives with arms loaded with more 
mats, allowing the wealth of the household. The women seated in the 
foreground are engaged in the manufacture and ornamentation of 
tapit which serves for textile in the Samoan and other Pacific islands; 
It is made from strips of the soaked bark of tho paper mulberry, 
beaten with a grooved mullet on mn elastic log. During this process 
it stretches to mini}' times its former’ width, and by joining other 
pieces, sheets of any deni ret] extent cun he made. In its decoration, 
several methods are used: That of printing from pattern hoards with 
raised ornamentation: striping with brushes; and by free-hand paint- 
’ n rT* The young woman seated at the right has printed a piece of 
cloth and is about to draw [lie border design^ with a pmidanus brush. 
(See p. 77.) 

VILMOe I Mil' CP UP THU EAllCr llAW ATTATtf a. 

Formerly the Hawnlians lived in gras? I hutch houses of several 
kinds grouped into villages, which were the home of a clan ruled 
over by a chief and n priest The houses shown in the model, which 
is a restoration of Ilawniiim social life !x?fore contact with Euro¬ 
peans, are. beginning from the left, the mu®, eating house for the 
young men; the Itmai, or bower, often attached to the house; the 
aiii, or chief's house : the no®, or house of the chiefs wife; the ama, 
where women eat, and the pc®, or tabu house of the women. On the 
front row is the /uiuat, or temple, with image and skulls on posts; 
the I'ua, Or workshop, with bjiuu, or shed, and on the extreme right, 
» puyupu, or fisherman's temporary shed, buck of which a laborer 
is cultivating taro in artificially Irrigated ponds. On the shore are 
natives bathing, a canoe being unloaded, and a fisherman hauling 
his net in a fish pond. In the open space in front of the village is 
on oven from which u roust pig is being taken; two men hauling a 
log; a man making wooden towiet, or bowls; two women pounding 
f«rt> root to make poi\ « woman beating bark to make tap* cloth; a 
woman painting tap* cloth; a group of women feusting, and a 
woman hearing few, or wreaths of flowers; a nurse with children ; the 
chiefs wife and son; the chief standing on a platform in front of his 
house, and the chiefs pot, or food-bearer, with calabashes » Such ” 
as Mulo finishes his quaint chronicle, -‘were Ihq potions 0 f t he 
old-time people who lived on the ancient Hawaii. Great pity for 
them. (Legend on frame of model.) (See pi. 78.) 

KAnm man. 

The Maori's are of the Polynesian family and inhabit the island 
of New Calami. Keane places them in the Caucasian race hut Brin 
ton makes the Polynesia a separate group oTSe^y 
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They are tail, very well formed, and have strai ght , black hair and 
good features.. They are among the most perfect specimen? of man¬ 
kind. 'Hie Maori are at present upon the verge of extinction. 

Their clothing consisted of robes of New Zealand fhs {Ph&rmiutn 
team) thrown over the shoulders or folded around the hips. The 
face was tattooed in strolls, deeply incised. The weapons were clubs 
and spears, the shield not 1 *'ing used. (See pi. 70.1 

TRIBES OF PAPUA. AUSTRALIA, AND OTHER PTUMinYE TYPES. 

In SOU then stern Asia, In Malaysia, the Andaman and Nicobar 
Islands. Melanesia. Micronesia, and Australia, there exist blacks, in 
some localities miserable groups on the point of extinction unci in 
others, numerous, dominant, and aggressive. These blacks in the 
main possaw negroid characteristics, but whether they have a common 
origin or arc dissimilar remnants of diverse origin is a moot ques¬ 
tion. Among them are found the lowest specimens of mankind, lack¬ 
ing in arts and near to nature; others tire fine examples of physical 
development and advanced in the arts, the difference probably due to 
several causes such us environment, repressive con tacts with other 
races, degradation, and continuance in a primitive state. Many theo¬ 
ries have been advanced as to their origin, but no answers to this 
interesting problem arc satisfactory. 

PAITAX MAX. 

The Papuans form a separate group of (be I ndo Oceanic negroes 
and number about 3.000,000, They inhabit New Guinea, the Fiji, and 
other islands in (he area called Papua. They are (in the most pro¬ 
nounced type) black, tall, and well formed, having bushv hair, thick 
lips, and a salient nose, thick at the huso. The Papuans have made 
considerable advancement in the arts, but their present state of de- 
velopment appears to retrograde 

Clothing among the Papuans is purely for personal adornment. 
This figure displays u featherhead plume, earrings, and nose pin, a 
necklace «f shell disks with a boar’s tusk pendant, armlets of shell, 
wristlets worker! from a large shell, and a broad waist belt of bark 
carved on the exterior. The long palm-wood bow has a hempen 
string. (See pi. SO.) 

4TT0T&ALIAN SfAN. 

CTJfWncii? /freer. Australia. 

The Australians, according to Huxley, form ft separate race and 
by all ethnologists are classed among the lowest rates of mankind, 
both physically and from the limited progress they have made in the 
arts. They are black, tall, sparely built, with bushy, but not woolly, 
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hair, having ah oval section. The skid! is long, the nose very flat and 
deeply inserted under the brow, and the lips thick. 

The figure is represented carrying the boomerang and wearing an 
uproit of kangaroo skin, (See pi* 81.) 

VEdDah man and wojian. 

Ceyluri, India. 

The Ycddahs are the true aborigines of Ccvlon, aad one of the 
primitive types of the human rat. 1 ?. They live on the thickly wooded 
lint lands and in bills and on the east roast of Ceylon, being known as 
the Coast. Village, and Rock Veddahs. They are expert bowman. 
They subsist on whatever the jungle affords and live either among 
the rocks or in A-shaped thatched huts. The women prepare the 
food and work at a few domestic arts. (Sec pi, 82.) 

TRIBES or ASIA, 

The Continent of Asia is complex geographically, furnishing every 
typo of environment os to elevation and temperature. It is also 
very complex as to its population, possessing practically ail varieties 
of mankind. The shape and position of the continent puts it in 
touch with all the earth, and from it probably all the tritass of men 
issued. As an example, there is no doubt that the Western Hemi¬ 
sphere w as populated from Asia. 

In northern Asia we find tribes living in an Arctic or sub-Arctic 
environment in western and eastern Siberia and in the extreme 
northeast, where Cbukchi. Koriaks. and Eskimo Eve and the rein¬ 
deer is the chief dependence, 

Asia is known more generally ss the home of Lhe Mongols, who 
occupy mainly the central and eastern portion and the East Indies. 
The Mongolian race is so diversified Iwyond that of the other races 
in physical character and appearance that the term “yellow race” 
is hardly applicable. The term h Mongoloid ” is used to designate 
divisions or unbraces which differ from the preconceived Mongol typo. 
The pure type is believed tn be found in the Kalmucks of Russia, 
ludo-Chins also has interesting groups of aboriginal trilies of primi¬ 
tive culture. The cultivated peoples here one the Siamese. Bur¬ 
mese. and Annamcse. 

India with its immense population and numerous tribes forms 
another Asiatic geographical group of extreme interest. The chief 
divisions are the durk-skinned Drnvldiatis and the Indo-Aryan* 
The white race lias important representatives in Asia, notably in 
India, Persia, Syria, Arabia, and Asia Minor* In Asia the white 
tv|>e li&s sulTere*! hs greatest cJiangm 

‘ Western Asia, in which great culture centers have arisen and 
passed away, is peopled by Iranians. Persians, Afghans, Kurds, Ar- 
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mania ns, Aral®, roiled Semites, and Jews. This section of Asia is 
mountainous and semi arid. The people are cultivated in the arts, 
but not in the mechanic arts. This remark is true for all Asia. Tile 
study of the Continent of Asia is one of the most pressing needs con¬ 
fronting all scientific lines of research- 

MONGOL ]USi 
McmgoLlJi, 

The Mongols occupy central Asia, mainly in the eastern half of 
the Desert of Gobi, and form the Atlantic division of Friedrich 
Muller's Mongoloid Asiatics, They are pule yellowish in color, 
rather short in stature, with coarse straight hair of round section. 
They subsist upon their herds of sheep and camels, of which they 
have numbers. (See pi, 83.) 

TIBETAN MAN. 

Tibet 

Tim Tibetans belong primarily to the Tibeto-Burmese subdivision 
of the yellow race. They live in the great central high plateau of 
Asia, Their country is sterile, mountainous, without roads; the 
climate very severe. They are of medium stature, of yellowish 
color, owl have coarse block hair, somewhat wavy. The obliquity 
of the eve is much less marked than in the typical yellow race.' 

The costume consists of heavy boots, trousers of felt, a shirt of 
raw auk, and a very large wide-sleeved gown of red woolen cloth, 
luted with sheepskin. Hats are rarely worn. (See pi, 84.) 

DWELLING GKO CP OF THE AI NO, 
island of Yezo + Japan. 

17)6 Aino are aborigimti inhabitants of Yczo. tho remnants of an 
extensive habitation of the islands. They are noted for their hairi- 
nft ®* Their houses are thatched frameworks, one portion of the 
structure corresponding to doorway or antechamber of northern 
houses. Storehouses are set on posts like the Eskimo storehouses 
I onnected with tlteii* customs and beliefs are the bear cage and tho 
sacred hedge on which are placed the skulls of bears sacrificed. The 
A inn weave cloth of elm bark, carve wood, and make mats, the orna¬ 
mentation of which is characteristic. The group shows a mat. 
weaver. Me old men whittling prayer-sticks and a group sacrificin'' 
a bear. (See pi. 85.) 

AINO MAN AND WOMAN, 

The Aino are an especially interesting tribe of undetermined 
relationship, but are thought to show traces of Aryan blood. They 
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lire of short stature, very strong and active. The women tattoo a 
must ached ike figure around the month. Their art is that of peoples 
of western Asia, a typo of which would be that of the Amur tribes. 
They subsist by hunting iind fishing, (two pj. 86.) 

KOREAN MAN. 

The Koreans Ixdong to the northern Mongols, but lmve been 
mixed from ancient times with the Chinese, Japanese, arid Man¬ 
churians. The Empire formerly had reached it considerable degree 
of civilization, which lins declined since the Ming dynasty in China. 
They are agriculturists and weavers. The costume Is of nettle doth 
and is the customary' dress worn by Korean gentlemen, 

ARAB MAN. 

Arnbla- 

Tho Arahsi nrc* Sunritcs closely :ilIsFjit with Iho ancient Ar tinmans 
and Assyrians inhabiting the desert country of Arabia and widely 
spread in Africa. Tlio Arabian type is one of the in the world, 

and as u nation the Arabs ure highly gifted intellectually. They are 
of medium height, with oval hem l and face, refined features, black 
hair, ami fair skin, soon bronzed by the sun. The Arab is wiry 
and nervous, and gifted with great energy and endurance. The 
figure here shown is dressed in a rob© of white woolen doth and wears 
a large turban, (.^ee pL $7.) 


NOTES ON THE DANCES, MUSIC. AND SONGS OF 
THE ANCIENT AND MODERN MEXICANS . 1 


% AUGUSTS ^EXITF. 


[WItli tO ;iLntcs.J 

INTItatTiTHtX. 

All authors who have wiilUfii nn undent Mexico are agreed in 
telling ns that music, song. and dance were in vogue among the 
earliest inhabitants of tlnu which was Inter New Spain, and that not 
only did they have a kind of eon.sirvatorv to pertwttmte traditions, 
but also fiiinilit's of a certain standing engaged ringing and dancing 
masters to educate their children. 

Among the modem -Mexicans the situation U the same. There is 
a conservatory at Mexico { ity; the European masters are known 
Olid appreciated by the public ; people dance u little everywhere as 
they dunce in Paris, London, and New York: and the cakewalk, tho 
muxise. the {eh a Ion pec) waltz, and other rhythmical contortions are 
practiced in the Mexican salons, with the same enthusiasm as in other 
countries, which proves that there are but few eccentricities which 
fashion does not cau>c u> spread. Cut in these notes I do not wish 
to take np the ntidem da urea, songs, or musk-, which, us ,dated in the 
preceding sentence, are the same everywhere; hut only that wliieh 
presents an ethnic character, traditional or peculiar to Mexico. 

Re fore reviewing the pwsort situation among the Mexicans, it is 
not without interest to cast a glance into tint post As is well known, 
ancient Mexico wot inhabited by several races, although certain c>n&? 
among them, ns the ToJtecs, the Artecs. and tlie Muvas are especially 
well known. If we look at the catoluguu of Mexican languages, so 
carefully prepared by Orozco y Berm, wo shall see that at the epoch 
of the conquest, more than 60 dialects, lielonging to ns many tribes, 
divided the country which extended from the Mississippi to the 
Isthmus of Panama. All these tribes did not belong to different races; 
many had a common head, and they can be divided into a dozen largo 

* Tnuialnlftt \)J from tin? tttmte tl'Ethn^xrfaplilt de toctologt*, lota 
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groups: the various Kahnas tribes, which occupied the central plateau 
of Mexico; the Otomis who lived and still live in the mountains sur¬ 
rounding the valley of Mexico; the Tarases of Miehoaean; the Tzji|h>- 
tees* the Mhjecs, nml the Mijcs, inhabiting more particularly the 
present States of Oaxaca and of Vera Crm; the Lacimciojis, who still 
Jive in the almost impenetrable forest of Chiapas; the Mayas* whoso 
domain is Yucatan; the IJauxfocs, dwelling on the shores of the Gulf 
of Mexico including o pan of die States of Vera C ruz, Tamnulipas, 
and San Luis Poto.i; the Redskins of Chihuahua and of Sonora, 
prbhahly descend ants of the undent Cliichuncca; and finally Hub 
choles and, the Ta pah i mi ares, who inhabit the Sierras parallel to the 
Pacific Ocean, in the funner Territory of Tepic, to-day the State of 
Nnyarit- 

The purpose of that which precedes is to show that it is nut neces¬ 
sary to believe that the usages and custom* □£ one or another of these 
ethnic clans or tribes had u general character. 

For example, the Mayas, eminently ci viKzcd,, devoted themselves 
to religious practices, full of ritual and reverential fear, which were 
unknown to the Redskins and the Indians of the Pacific Sierras, who 
were developing irom the pre-Cortcrian civilization, for they shut 
themselves off aluio-t entirely from modem influence. 

Tb* Aztecs who dominated over the Amihuae—that is, the valley 
of Mexico, and who fought their way to the borders of the present 
Mexico—hail different customs from the people whom they overcame 
and these they imposed upon them, w ith their gods arid their re* 
Hgiotjs practices, iwpecting, nevertheless, the local gods, in such a 
manner that while increasing the range of their own myths they 
augmented the number of them by adopting the gods of the con- 
ipiercd countries u- rt whole o r in part, perhaps through fear of these 
gods or, mure probably, for political reasons, in order to draw the 
sympathy of the conquered. 

In view of what precedes, we will describe in the comae of these 
notes certain special dances in certain regions of Mexico, without in 
any way implying that they were in use anywhere else, although in 
the course of event* they often passed from one tribe info [mother 
for various reasons. 


AltCJENT AtUSIC AXD DANCES. 

Torque mads. who pivrs special attention to tile Aztecs tells n 
that the Mexkans were Qot nitisiriatjs, that their songs «’ C r« w 
monotonous, nlthM«b the* varied the tone of them without abandon 
[up certain very marked rhythms. The musical instruments whirl 
they used n.dm.entary I will give a description of them I ate 
<■ As for ! 1 '* nr l,a TO%. Orozco vim 

eominemin^ on TorqueniodH, de^ribestlien, lUiis: ' 


on- 

in 


MKXICAX DANCES AND MUSTO—fiENIX. 059 

“At private affairs the dancer? were few in number. They in- 
creased according to circumstances and numbered thousands on oe- 
cosioUE of formal fetes. When they were in small numbers they ar¬ 
ranged themselves in rows which advanced and moved back with 
measured steps, or placed themselves opposite each other, joining 
and mingling. If the dan revs were in (urge numbers, the musicians, 
seated or standing on small mats, occupied rite center of the place 
where the ball was held, while all around them the dancers moved 
in concentric circles and eddied about with more or less rapidity ac¬ 
cording to whether they were mure or less distant from the musicians, 
I hr leaders of the hall, two or four in number, were all near the 
musicians, the other dancers being in a formation like the radii of a 
circle. (ft was probably the style of the master of ceremonies or 
of the ballet which regulated the step or the measure.) 

“At a Signal, the music commenced, and the ail consisted in 
dancing, so as to make the .rhythmic movements coincide with the 
iiiUKic and the songs which accompanied it.” (Knowing tliat the 
Mexican instruments produced a rather discordant music, it may 
be supposed that the sin’s were for the purprsi of giving it sonn- 
harmony by blending the deep sounds of the < Ini ms with the shrill 
notes of the flutes and pipes.) 

“The movements were carefully indicated and the dancers,” says 
Orozco y Berra, “as though moved by springs, were supposed to 
raise simultaneously the same hand, the same arm, or move the 
same foot. Naturally," he adds, “those in the first circle moved 
relatively slowly, but in proportion as they were distant from the 
ranter, the dancers had to cover a greater distance in the same 
length of time, and consequently the speed kept increasing. At the 
end of each strophe, they started over again. Then the time 
changed, constantly increasing the rapidity of movement, in such 
a manner that at the end the dancers in the Inst circles acquired a 
giddy speed. Between the concentric circles Che little children fol¬ 
lowed the dance, together with buffoons and a kind of clowns, who 
wore ridiculous disguises, and now and then spoke or sang jukes 
nr clever remarks to amuse the spectators." 

These choragrapkic spectacles lasted for several hours. The 
tired danc'cre w«ro replaced by others and die Hist withdrew to 
refresh them selves nr take some rest. All came dressed in their 
most beautiful clothing, end covered with ornaments and jewels, 
carrying iti their hands bouquets of Cowers, branches, or fans made 
of bright-colored plumes. Others were crowned with garlands, 
“and it was u spectacle worthy of admiration” declares Tortjqe- 
mada . 1 
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Ill iu excellent work, Imlutnimtork Mexic&fia, 1 ih& eminent Amer¬ 
icanist, Dr* Antonio PvilufiH, gtve$ some very interesting details 
on the balls of the wm'ienL Mexicumi, The following passages are 
quoted from it; 

" 1 he ball was almost always flecomptinkul by >oug5, two slnirers 
imoiling u Terse ond nil responding in chorus* The music began on 
si deep note, and the singers in a bass voire* Progressively they in- 
creased tha time or raised the voice tit the same time that the move¬ 
ment of tile dancers been me quicker a ml the song gayer * * *. 

fc ‘ One of the balls, called the Mm'ehHalhtll or Areito 1 ball" or 
1 f Hah s on, 1 w as ftcco m j >ll ti ied 3 >y 1 1 rum-. Mact h ml Util is tie ri ved 
from the Aztec verb ntfuvahwi^ a darner, and arelf& is u won] from 
the Antilles having the same meaning* It is synonymous with 
l!/ itote, which is derived from the Mexican MitoHcni, a dancer." 

Li According to Sahagun*-* says Doctor PefiuGeL tt those who directed 
the liajl were luxuriously dressed. The principal leader wore hound 
around the top of his head a tuft of feathers or of gold, an ornament 
of gold or n precious stone in the lower lip (le tented), and gulden 
ornaments in thenar. A collar of precious stones encircled his neck, 
and at hia wrists ahonc bracelets of cmsunlds and turquoises. He 
held in his hand- btttubes of feathers or flowers, pv rich cloak cov¬ 
ered his shoulders, and around his kune he wore the wwrtl&il (a cot- 
ton loin cloth worn by the Mexicans). All the other dancers, gen¬ 
tlemen, warriors* and various people who w ere sujqmsecl to take 
part hi the festival* were dressed m the same manner, although less 
luxurious Iv. 

■The distinctive m:irk of the kings at the hulls was n kind of 
Imnner (th« yvrh^tpaisaatti) which constituted nlso n war stand¬ 
ard.* 


u The thmunumc, warriors who had captured enemy prisoner*, wore 
ilurinp the bulls n frontal ornament called tottetJamanalU, This 
ornament consists of the head of a bird anrronnded by a drown of 
eagle feathers. 

“ Besides the nelipous nnd the war dances, there was one which 
they colled r’tirotj'ni. meaning, according tli Tezozomor, ‘the en>n| 
defight of Inline. The word comes from wcuaf/, son* and tho hall 

teotp to h. M rtof 2^“*:J 1 !". th '.v »"«<! iw „-w,k 
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^ ch the J’ <lrnilk fl^ring- the ball of the dead, and also another 
beverage which hud for n ba>^ n faugos named eu^tihitimwatl, of 
which they made use during certain rdigiems * m^mnJes/' 

Un the subject of the Mexican hails, Father A cos La tells its the 
following (it b translated almost word fn r non! respecting the 
unaffected simplicity of the text); 

‘ The recreative exercise the most in. use anion- the Mari ons 
is the solemn mitote, whkh is a kind of ball, considered so noble 
and so honomblo that the kin- himself deigned at times to take 
part. This ball took place generally in the spacious halls of tern- 
pIes or of the royal residences. They placed in the center of the 
lull! the tepomitu and a -Irum (the huehwtl), like a barrel made 
o a single piece of wood and hnllow inside, which they nut upon 
“ s W“* bea " n ff *he of a man or of an animal' or simply 

on a iclurna These two instruments vrn so tuned that together 
they gave quite good harmony, and they accompanied the noise 
of the other instruments and of the many and diversified kinds of 
chants and songs. All sang and danced to the sound and in 
the cadence of ihese im*rnments, with such good order and such 
g*wd time, both m the wngu and the foot movements, that it was 
11,1 n ? re ™ ble ‘hing to watch. They formed two circles or rows, 
one of which was around the center of the hall near the instru¬ 
ment*,, The old people and the tor»is— constitut ing one circle_ 

sang and danced almost without moving from their places. The 
other ernde was for the rest of the crowd and wax quite distant 
from the hrsk The dancers forming it moved lightly two by two 
executing a kind of step together with leaps in cadence. The 
L-rowd adorned themselves for these dances with their finest clothes, 
each acfording to his means and his taste. They considered it very 
honorable to take part in these dunces, and there they prepared 
themselves to lea™ danemg from childhood on. And. although (lie 
majority of the dances were in honor of the gmb, nevcrthelres there 
lh7p™|',b»’' b<C ' <fonstl,ule,i !l turm of nation and pastime for 

Regarding the true war dances, not only did the warriors take 
part in them, but also the greatest personage* 0 f the court nn,l the 
kmg himsdf, for whom n special place was reserved. For sacred 
!, * th * ***** ^ ro ,lrpss&l in the image of die deities whom 

,-' °S 1IWd r th,,t <la - v - or lVr,re exclusively his emblems and 
JiLi symbols. The music wm the same—that is, it wns not verv 
harmonious, hut the songs, the movements, and the actions had u 
more reserved, more solemn character, and mingling was not per 
mitted. The men danced alone with the exception of certain days 
in rhe year when the vestals were admitted, as were also the stu 
dents from the seminaries and even the priests, and U was no longer 
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a mutter merely of reverence, of respect; arms were raised in cadence 
tow. uni the sky to thank the gods; actions made allusion to their 
qualities, or to the occupation over which they preside, fighting* 
hunting, as we shall describe later on- Many of the dancers carried 
in their hands a kind of rattle which the modern Mexicans cal! 
sonajas and which the ancient Mexicans named ay&tmtlL These 
are sometimes little elongated gourds* dried in the sun* having the 
fioefis left inside, which produced when shaken a noise resembling 
the ‘dnging of locusts* Sometimes halls of baked eliiy nr of wood 
were used, pierced with numerous small holes, provided with u han¬ 
dle for shaking them, and containing pebbles to take the place of the 
seeds iu the gourde. Generally the dancers marched in two or four 
huts from the an trance of the temple to near the altar of the gods, 
ret renting 1,t thocit turning uround, ihen advancing again. 

1-^t us note in passing that they never kneeled. This custom ap¬ 
pears to be absolutely unknown to the ancient Mexicans, To pros¬ 
trate themselves or to humble themselves they assumed it ^^[uutliiig 
picture {dc cmtSlas f writes Torquemuda). That wus their revere 
eatial position, both in worshiping the gods and in paying homage to 
priests, to k ings, and to great noblemen. 

One of these dances, called iorotin f was so beautiful, so fitting, and 
so solemn, says Torqucmada t that it was admitted into the Christian 
temples. 


The dunces in honor of the gpds ami in costumes recalling their 
special Chmn&ter or their symbols, bring to mind the balk held in 
honor of the os Api^—anowtor of our Boeuf Gra*—notably at Mem- 
phifl, by the disguised actors who represented scenes from the life of 
Qsiris. Father Sotfrtiem writer that he has counted among the 
ancient M mcmn a ^ many as m different dunces- some were sacred 
utlters; war djinces, and yet others simply profane, and that each 
* mt ^' r l * s ntni “ |K imitating of occupations or customs of 
lie mentions in particular a hull which he witnessed m California 
III the course of wliirb *'ach danrer—and there were more limn 300 of 
them—lea[Hrd about having in his month an udder. 

Aa regards war dances, besides the festivals accompanied hr hall’ 
l,,i.l n„ «n„m Ukj-s of the J«r in h„„„r „f UpxMi, ttral 

should to ™ tl» J™* of «morr. ohioh voncl .cor-li,,, 
the greater t.r less degree of Cimlmtjon 0 f ,j lfS .. 

deed it. As for the dunces which we will l-A\ civil nr nre/ "* 
Father Salratierre mlds that in leaping about rt t profane, 

f t -7 - 

harvesting of roots and of fruits, and r ,f „ ‘ tllG 

One of these dances is culled the Nimbus n It Tl 

th» ...oio to. -oitliint- to Jo -.ill, the . •»*» 

vocmMe *niinl..W -Mob could wry wJ!,, . |iplia , ^ 
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llunx ‘ of Fuller. which, in fact, takes place in u nimbus of colors 
mid of gauge. 

I coils [tier that Father Salvatterra is in error when ho speaks of 
“the imitation of ordinary occupations by the dancers." It sterns to 
me. after what I have seen in the writings of Tgrtpieffiadit, Sohagun, 
Mendieta, Ixtlixochitl, and other early authors, that these bulls were 
appropriate to circumstances: For example, on the day of the fesri- 
vnl of the goddess of the chase. Mkoati, they imitated activities of 
the hunt; those of fishing when they feted ApochtlL When it came 
to Vatftetl, the Mexican Ceres, they simulated in pantomime the 
gathering of fruits and roots, they organized a buttle of flowers, they 
udnnied themselves with garlands; in the some way that in mrin- 
/luttrthpocMi, the god of war. they gave representations of combats. 

In short, they dedicated to the god the occupation over which he 
presided through his special character. As in our calendar, each 
day of the year had its god, its goddess, its myth, its distinctive em¬ 
blem. They celebrated these anniversaries: A child Imrn for ex¬ 
ample, on the day of the festival of ApochtU, god of the fishes* ft 
woman who was married on that day; any event which happened on 
that date, justified the presentation or the representation of some¬ 
thing recalling the fete of the day. No doubt they offered up (is!, 
and in the dances which took place in the collide of the jubilation 
l ay did not fail to introduce people dressed as fishers; they adorned 
the hall with nets, harfwiiis, stnall boats, aquatic flowers and plums; 
in short everything which belonged to the domain of the god. patron 
of the day. or winch recalled Ids functions, attributes, or rfumu-tor 
llns seems to me very probable, but I confess that 1 am not able to 
d etenu me it definitely from the texts of ancient authors. It is 
simply a deduction. 

The dances in honor of the god of war. which they would have 
held in cases hke those which I have just mentioned. nre nut con¬ 
nected ,n any way with the famous dance of victory, to which T now 
come. 

TJiis ball was celebrated, as name indicates, after a victory wo„ 
over their enemies. Tlie conquer*)!* forced the vanquished to donee 
to exhaustion; that Ls, they killed them through dancing. They them¬ 
selves mixed from time to time with the captives, utLcring loud cries 
ill honor of their god of war—who was not Hid same throughout 
A! ex ICO— mid gave themselves up to the excess** devised by the sol¬ 
diers of all times and of all peoples after a triumph. 

It is to be noted, however, tliat they did not become intoxicated, at 
hast m the ordinary sense, for although the ancient Mexicans knew 
several alcoholic drinks, among others {besides tbos; which we have 
already mentioned) the fermented sap r.f the agave (now known ns 
pulque, formerly as octU) : a brandy also extracted from the agave* 
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ii kind of beer, which is still used nmm g the Indians of the *»Vmt of 
Tepic, and other Cemented drinks made of maize* figs tJ f Rarimrv 
or Dowers of dm elder tree; drunkenness was prosecuted and 
punished among them in u very severemannur* except in exceptional 
cases^ as evidently that of a victory won over their enemies, Bet **tiil 
it must not bo thought that drunkenness was general and exposed 
the conquerors to the danger of being the victims of a sttticMful 
return of the conquered. That b t all the men did not indulge in 
drinking. Chosen men kept their senses and guarded the approach® 
to the camp or to the city where they celebrated the victory. 

I luive said above that the dance of victory varied according to 
the degree uf civi Hifttion of the tribea which practiced it. The word 
dvilkuUoti does not really express my thought, for civilization is 
entirely conventional, i should have said T w according to the more or 
less sanguinary character of the tribes*” 

In fart, the Opates who lived in the Sonora celebrated their vie* 
tories by tlic ball uf the sculpts—that that in dancing they bore 

in their hands the scalps torn from the enemies killed hj them. They 
also made the prboners dance without allowing them to rest, hut 
they included tmiong them the children* the uJd people, and the 
women, and during the figures they burned them cruelly with torches 
and firebrands. 

Other tribes mnn- savage still—the fact is reported by the eminent 
MexicnnLst Alfredo ('harem *■—cut off the hands of their enemies and 
used them to stir the phwte* which they distributed to the con¬ 
querors. The human blood was mixed with the drink, but the 
dancers delighted in it. u thp sentiment of vengeance ” mys Ghavero, 
u effacing the sensation of disgust.” 

In spooking of the dance of victory the mission tries and the com- 
menhdom t-Miggerttto the cruelty of the Mexicans, their barbarous 
traits, which, however, have some foundation of fact. But if we 
recall the revolutionary dunces, tu l he ucccntfl of “ ira, r around the 
unfortunate victims Robespierre, of Marti, and of Cnuthon, 
Without taking account of still more recent events during certain 
strikes in France and -•brwhere, without mentioning the lyndiings 
of Htgnm in the United States, in? shall we that several centuries 
after the conquest of Mexico* there are found in the most civilized 
countries people who can at rimes rival in cruelty the barbarous 
tribes. 

When in the seventeenth century several dries of Kew Meric® were 
reconrtructed, the first tiling that the natives would do would he to 
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build up the hearth and to dcmrc around it the ball of the * Cachina t * s 
for which they would make expressly masks tunny of which repre- 
seated the faces of their ancient gods* It is still Chavero who matter 
this statement.’ Alter all, it was a general custom in all ancient 
Mexico to dunce around a sacred fire, around the central hearth of a 
newly constructed house, nr of n habitation which they had just re¬ 
built, and for this hull the natives wore musics, or simply painted 
their faces to imitate tutooing T and adorned them.seIves with dowers, 
leaves, and plumage, with which they then paid ho mage to the 
household gods 

In Yucatan, one sped*) dance was in favor, and later it spread* 
with some modifications, into different partis of Mexico, then remain¬ 
ing under another form, fn the center of a room they raised a pole 
from 15 to 20 feet high which bore at the top transverse bare* fas¬ 
tened on a common center which formed a pivot* From the ends 
of the crossbars hung cords of different colors much longer than 
the distance between the bar and the ground. Hie dancers, from 12 
to 20 In number, each took the end of a cord, and at a signal com¬ 
menced to move in cadence, advancing, retreating* turning, and cross¬ 
ing their respective cords in such a way as to form a kind of Web, pre¬ 
senting symmetrical designs determined beforehand. 

When, on account of this interweaving, the cords were so shortened 
that the dangers could scarcely hold thorn, even by stretching their 
arras and by standing oti their toes, a new signal was given by the 
music, and the dancers, always in time and according to a prescriljed 
rhythm, unwove the design which they hud plaited, finding them¬ 
selves at the end in the places which they had occupied in the begin¬ 
ning. 

This kind of dance admitted of a variation: The cords were not 
so long, the dancers of both sexes were disguised aa birds, and they 
were supposed to run, to pursue each other, to dance, to leap, even 
to imitate the flight of birds by moving the wings which they wore 
fastened to their shoulders; all without losing the cadence* This 
play, minus the costumes, however, is still preserved ju Mexico, 
where it is called vofodor* It is, us will have been noticed* an ex¬ 
ercise quite like that known in Europe under the name of Yds do 
Cieunts. 

One of the most curious of the hulls which may be mentioned was 
that of the animals and flowers: Men and women dressed like birds 
(Rostand has found nothing new in this connection) danced and 
whistled while turning in time, leaping up onto the trees* throwing 
themselves into the water when they simulated aquatic birds, throw- 
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wig themselves on the; gTii&J: trying in every wny to imitate the in¬ 
habitants of the air whose plumage they wore or which they pre¬ 
tended to represent. 

For the dance of the flowery the dancers dressed themselves in 
different loaves and flowers; for the bail of the animals, they covered 
themselves with skins of stags, pumas, ocelots, bears, of all the 
animals known to them; they ran, leaped, uttered cries, and pursued 
the women disguised as hinds and followed by their offspring. 

It Is certain that these binds of dances should lend much to the 
imagination, ttm ] without pretending that they could rival the ballets 
of the opera, nevertheless in the open air under the beautiful Mexi¬ 
can skies, with the setting of palm tree*, liquid ambers, the hibiscus 
and convolvulus of the Tropics, the magnolias, passion flowers, 
tnimdaa% and orchids of the moperate regions; cedars, oleanders, 
and cactuses of the cool regions; it must have produced n marvelous 
effect, especially if we remember the precious stones* the pearls, the 
gold and silver ornaments with which the dancers adorned them¬ 
selves. the many-colored flowers with which their garments were- 
studded, and especially the enormous glowworms and the luminous 
beetles with which the women adorned their hair, 8 

It will be noted that, except the Cuk'Orjim. nunc of the dances of 
which wg have spoken have the licentious chars dor of similar 
ceremonies in ancient Egypt, in Greece, in Home, and in India. At 
heart the ancient Mexicans were chaste, and this is seen as well in 
the subject we arc disemdng m in their monuments, their sculpture, 
their hieroglyphic paintings which time hm respected, and in which 
arc met very rarely phallic symbols and other obscene images. 
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Wo have mentioned aWve the a in Spam* *&najtvt+ a kind 
of bell with a handle, whieh the Mexicans shook while dancing. The 
other imifdral instruments were; 

The hmftmtf, a cylindrical drum 2 feet in diameter and 5 or fl feet 
Idgh, quite like the donga ted drums of the Middle Agra. Generally 
it was made of a single piece, hollowed out with great care. They 
placed it vertically and l«*t it on the upper pftr t with n wooden stick 
henrinp nt the end a bail of wood* of rubber, or of day in a leather 


sheath.* 
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There were smaller instruments width the worriers wore suspended 
about their necks, and which they used to transmit the orders of tho 
chiefs by mwns of o lequate rails. They callr>i them flap abut huetl , I * 

The Upotuiittf was also a drum, but horizontal, and which they best 
not on the end but nt the center, on two strips made for that purpose 
forming nri H in the direction of the length. They beat on these 
strips with mullets like those mentioned above, but smaller. The 
tone was more or Jess deep according to the location of the strip 
which tlie musician struck, sometimes with one hand, sometimes 
using both, the same us for the hue hue tL These instruments were 
carefully Sculptured or embellished with designs. Skmie affected the 
form of a crouching animal: puma, ocelot, or alligator. 

There were, still other teponoztli, which quite resembled kettle¬ 
drums, and which were fornu-d of the hollo wed-out trunk of an 
agave, over which a skin was tightly stretched; for example, the 
celebrated t<poiutitti of the Great Temple of Memo, which was made 
of tt hollow piece of wood covered with a snake skin. The sound of 
it WHS mournful and carried a great distance. It signalized generally 
great ce renin nies, and the re will be recalled the mention made of H 
by Cortez aurl J-k-riin, C Diaz del Castillo, as ala> the “ Conquistador 
Anonimo," who hearl its terrible call at the time of the revolution 
of Tenochtitian, on the night of the 30th of June or the 1st of July, 
1520 (La noche tristc), 11 

I Juivc also seen tepmuistli made of a tortoise shell covered with 
the skin of a Sea cow, whose tone resembled quite closely that of our 
modem .drums. These were called etyotf, It is worth while Sliding 

f iislfrgy -of t‘-'ptihu -?ini n !- h*| ratj '■> ih-[fj-ciii m■ •, nr L< n«i niii□ los?- arts very 
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“muitri dnim/ 1 Jiat, br eSl. tiBkm r 'Hatml i,lrum H ^ uud LT Lt Is AilraltM ihml thla druju 
wo* cftftled |WLrtEenlU]j hj tlu- wlt^ hy fetftita? If ta b ivrtnlb waj, tnu- 

mktttd th* opJctb rtf tho tiiT exptriNallim w m &™ admL^Sp: Tiaphushuril 

iu^a.% fbrti. pL^nal ilntiEL ortlrr drtam. ur i\mm of romcnnnii- Jia joa wlish. 

s«vorai Hiiifeuni Wrttt, nm ffomAjiFAitfffr, hqe rjdponhucAufltr, Triapaii in Axtoc mi otea 
lltjlco itflTr 4j?f, rtrt? worti; |Xrf|HWit F to Oyo, Tlape*hu*h%eil' ihiu, stUl Asntoi-* 

“ tlj«l nr naEatr4 ilrara." 1 

^Tbo tfifile lik'hL 
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that lvk'iujv'fr these lust rum tuts were covered with any skill what* 
ever, they were provided with straps to stretch them and tunc them. 
1 he pitch for nil kinds comprised only three notes, do, re. and si. 

The tiponastli in general were placed on tripods, not only to bring 
them more easily within reach of the standing musicians, hut espe* 
chilly to avoid contact with the earth, which would deaden the sound 
and prevent it from carrying so far. 

Besides these various kimIs of drum, the ancient Mexicans used 
whistles, many of which had at the mouthpiece three or even four 
holes, permitting them to give as many different notes. These 
whistles were generally of earthenware and affected different forms. 
Many of them represented flowers, birds, and sometimes even fish 
hd< 1 snakes. Some had inside it fit nail round stone or ball of clay, 
which produced a rolling when they were blown, A special whistle 
permitted of the imitation of the song of » bird, which, it is true, 
should not hr compared with the Mexican nightingale, the zentzonili 
(bird-mocker, or more exactly, the bird of the four hundred voices). 
This whistle was called quiwhtotopQtli, 

Hie ancient Mexicans hurl also flutes or rather a sort of fife, with 
three, four, and even five holes, sometimes made of terra cotta, some¬ 
times of wood, and quite often of bone. Some have been fount) made 
from a humerus. The Museum of Mexico bus one of this last kind, 
which has six holes. This kind of instrument is at present known by 
the name of chirimia. 

They hnd also war trumpets, hjwztjui/jHiztU. These consisted of 
large shells, one end of which had been cut off to form the, mouth¬ 
piece- These were also made of terra cotta, imitating the shape of 
a shell and ending with the head of a tiger or u snake. 

There should he mentioned, besides, Lhe lulls of all kinds of metal: 
copper, gold, and silver, more or let mixed, and bearing designs in 
relief, like those which are sometimes found in our time in t'kiapas 
and Yucatan, and which vary in dimensions from the sire of a plum 
to that uf It cherry. They made them also of wood. I have collected 
many of them among the in ins of W L» Quemada " (Slate of Ziu-iitc- 
cas); others, finally, were of terra cotta. They used these bells some¬ 
what as the Spaniards use castanets. 

Alt these instruments still exist among the modern Mexicans and 
the Indians use them in their characteristic dances. But other ma- 
teriahs are introduced into their ma nufacture. For example thev 
have whistle-, flutes, and hells not only of terra co Ua and of’wood 
but evftu of tin- 

They have also increased the number of them by perfecting the fl uto 
of Pan, and adding hole trumpets of terra cotta, which recall our 
pistons; and little bells also of terra cotta affecting the form of t| , 
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bust of u woman surmounting an enormous crinoline, quite like the 
table bells tiiat we have in Europe ami in the United States, t have 
several specimens of them which produce.a silvery tone, not at nil 
dead as one would suppose. This evidently results from the com¬ 
position of the special clay which the makers used. Sometimes these 
little bells were doubled, that is. coupled together, giving two quite 
different touts; 

In the balls of the Indians of our lime there are frequently intro¬ 
duced entirely modem orchestras with wind and stringed instruments, 
hut in that Abe the ball was not slow in degenerating, although keep¬ 
ing its ancient character in movements ami rhythms, as wo shall see 
later on, in the ball of the Antiguog, the Mntachincs, or buffoons; the 
polka, the dunza, and tho boleros made their entrance; the couples 
were inbred, and it resembled any popular ball, with the usual accom¬ 
paniment of cries, libations, disputes, and knife cuts. 

MODERN DANCES. 

Tray Bernardino do Sahfigim l - and Father Acosta 11 mention the 
theatrical representations and tho balls which the ancient Mexicans 
gave ut Cholula in honor of QtMte'tlt'outL “The Aztec's," they say, 
“cultivated not only lyric poetry hut also the dramatic. Their 
theater whs n pint form, square and uncovered, situated ordinarily in 
the center of the market place or at the foot of some pavilion. This 
platform was sufficiently raised to enable it to be seen from ad sides 
hy the spectators. - ’ 

“The theater of Tlaltelolco,” writes Cortez in his ltd nci ones. 
*■ was made of stones and lime, 30 feet high and 30 paces nn a side,’’ 

They carefully adorned this kind of stage with brandies, plants, 
and flowers. Stuffed birds were placed in the foliage. The actors, 
ludicrously painted, simulated being deaf, blind, nr afflicted with 
some infirmity, which guve rise to much blundering and Jeering, 
They went to ask of some idol the cure for their ills, and thanked 
them for hearkening to their prayer. 

Other actors dkguisefl as animals of every kind recounted stories), 
expressing in pantomime scenes in which the vices ami faults of men 
were ridiculed by the animals, serving as lessons of high morality 
like the admirable fables of our La Fontaine. They gave also rep¬ 
resentations of historic facts, of battles, anti the actors put so much 
feeling into them that often a man was killed. The representation 
always finished with a hall, in which the different actors took part 
in the costume of the roles which they hud filled, and this did not 
take place without lending to comic scenes. 

15 B (rnemiL dr Eu* emu ill? Newth. 

11 Jl Inti fin aaturaJ y Ejpint 4* \** tfutliiL 
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When the Spanish missknsfies k'ljafi to catechize the ancient 
Mexicans they took ml vantage of their t title for singing ao<] fur the 
lheater, mid organized representations closely resembling the Myatfercs 
ties Enfant? Sans Souci and tile Confreres dc In Passion, which 
were executed in our cl lurches in the Middle Ages, These mysteries 
were accompanied by sucred songs which made easier the teaching 
of the Christian doctrine. 

It is thus Sailngun composed in the Aztec tongue 3G5 ** cantinas,” 
one for cadi day of the year. It would be more correct to say not 
canticles but farces, for the songs, although of a religions clmr* 
neter. were often accompanied by gestures and intermingled with 
dialogues, lie hud numerous imitators among the Mexicans them* 
selios. and the memory has not been lost of a great mystery in honor 
of tin* Mother of hod, due to Don Francisco TMaeuIo. governor of 
AtzcujioEznlco. 1 his mystery was successfully represented in one 
of the celebrated ceremonies in the basilica of Xolre Dame de Guuda- 
loupe. 


There should not be forgotten either the Final Judgment of Father 
Andies de i JJmns. represented in the church of Tjnttdolco, in the 
presence of the first viceroy, Don Antonio de Mendoza, and of Fray 
Zutnarrogfu the Jim archbishop of Mexico (1540). 

These festivals have still another origin Insides that which hits 
just been mentioned. Tn the time immediately following the Span¬ 
ish conquest, the conqueror and the monb held dances for their 
Indjan viissuls—for the abbeys had vassals, like the seignorial iiefs 
given to the Conquistadors by the kings of Spain—dances recalling 
more or less exactly those of the ancient Mexicans. 

For the rest there were religious festivals, and even profane ones- 
1 will speak of them later on-in which the Indians. rememberW 
tbmr conversion to Christianity, came to make honorable amends b 
srune church. To do tins, they dressed up in imitation of their an¬ 
cestors, danced and sang iu accordance with what they had retained 
or knew nf the past; and nil was accompanied by alms’for the prir-ds 
who perceived in this the- most indisputable gain f w thy ^ ; 

I*,ter still, when the Indians saw the Spaniards celebrating the car 
nival, this old custom came u> life, nnd what was formerly i kin 1 of 
affirmation, of acknowledgment of Tusselage, then a religious kti 
ral. became only a vague nurdi gms or a day of mi-emuc ' 

These representations, in use until the last day of the s„ n i 

jnation. disappeared at the beginning of the nineteenth century d^ 
,ng tl.e political disorders. During the JO ycnns of Z'.t 
Emancipation of New Spam the Indians, like the middle d °r 
people. had other preoccupations than the theater and T 
Sp.nl* ctany H..1 tan .11 M.«,. an<l ,l«3h.“*-W r *« 

beginning to be organized. Wss r,r dy 
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Ttiftll tliut we say in the following we refer, of course, only to the 
Indians properly so called and to tho lower classes. We will con¬ 
cern ourselves only with these two classes of Mexican society, be- 
cause they lire the $nly ones who have kept anything rhn met eristic; 
the highei classes, as we have already said, model themselves ns 
much ns possible on the uses and customs of France and .Spain and 
follow the tundra of Paris, of London, and of New York with more 
or less delay. 

After the proclamation of independence, as during the wars to 
gniti it, the Indians and the common people continued to go to their 
services, but certain ceremonies were lost, among them the dances, 
whether in the church, in the court, or in the neighboring square. 
Nevertheless, in nitmy Indian villages on certain dates, in particu¬ 
lar for St, John, and for the invention or exaltation of the lmly cross, 
tiie natives organized balls which they called “Entire do los An- 
tiguos” {danera of the ancestors). 

They disguised themselves with all suits of tinsel and ornaments, 
to resemble more or less vaguely the Mexicans of other times, even 
to the Redskins, whom some have still been aide to see in the exorcise 
of their functions; and thus accoutered, tliev sang, danced, and 
drank all one day and most of the night. The half-breeds willingly 
mix with them in tills bind of celebration, which has, however, 
almost no ethnic character—nor esthetic. One of the figures, how¬ 
ever, recalls vaguely the song and dunce to the sun. of the Comanche? 
and the Apaches. This ceremony generally took place around a 
victim, white prisoner or Indian warrior of another tribe, after 
sonic com but. The Redskins daheed in the same manner around the 
stake where they burned the body of their chief. MV friend, the 
worthy archeologist, M. Eugene Bohan, who has told me the story 
of it, was present about 10 yearn ago at one of these weird ccrernt^ 
foes m the Sierra Mail re of Chihuahua. 

The savages, firni taking each other-: hands, danced in a circle for 
a certain length of time, their eyes fixed on the stake: then separat- 
in fj liiey continued to circle in the sume order, uttering pm Ion set] 
cxcluriijirions, white striking themselves on the chest with Ihejr 
mrnk, which produced a series of Aht Ah! Ah' stopping only to 
breathe. At present, victim and stake are replaced bv some barrels 
of pulque or by a jnr of brandy ami the bowlings which the 
dancers niter arc far from harmonious. 

The Indians in general are sad—they do not know how to laugh, 

. J Ein J? ™t little, and vfben th dj do the melodies have little expres- 
sion or are melancholy and without much charm. However -tecord 
mg to Miss Fletcher, collaborator of the Bureau of American Eih- 
nology. their voices are remarkably accurate. She chums rhat she 
has had melodies sung By Indiana of every ago and of different 
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extractions, in solo nnci in chorus, and she lias never found among 
the various performers the least a Iteration in rhythm or in melody' 
Miss Fletcher has collected with the aid of a phonograph different 
Indian melodics which she has transcribed with the usual notations 
and submitted for study to several expert musicians. Not only have 
they not been able to find the dissonance which might be expected 
in music coming from races uncultured and relatively little civilised, 
hut they liavc even found in it, it is said, striking resemblances to 
“themes of Beethoven, of Iftehnbert. of Schumann, and especially 
of Wagner.’' I confess that nil of this astonishes me greatly, ex* 
copt that concernsug 11 ugner \ I huve ulways wonderpd whether the 
music of this composer did not have something of barbarity, hut it 
has been necessary for Miss Fletcher to open ray ears in order (hat 
1 might know to what to attribute ray opinion. 

As far as I tun concerned, all the music T have heard among the 
Indians—that is, of course, original music and not imitations or 
recollections of things more or less modem—recalled nothing of 
Beethoven nor of Schumann, but rather brought to mind liturgical 
dm tits roared by drunken singers which could he heard a Jong way 
off, 1 will add, to justify my comparison, that generally when the 
Indians sing, except in church during services, they arc drunk. 

Several montlis ago I was aide to be present ait, Dinara ite ** a t 
the bails, semiprofane, somireligjous, of the ancients or ancestors 
celebrated by the natives. These are divided into two groups—the 
Antiguos < am. ien is. ancestors) properly so called, disguised ss Red* 
skins at u carnival, and the Machines *<mateeh ins. rlnwns). wearing 
fantastic ttasturam 11 U In be noted that these dnnew—« droll a* arc 
the costumes—are very seriously conducted. The dancers dn not 
dsnci. for pleasure; they are observing u rite, u kind of religious rare- 
mony. They dunce to a monotonous rhythm which has more of the 
liturgical chant than of prufunc music. 

They throw themselves about fo r hours and hours, day and night 
almost without stopping, for about nine days, until completely ox’ 
ha listed. None of them dan re in couples, no one touches anyone else ■ 
each dances on his own account, all following the general lines of a 
known program. No obscene motions; brief words U\ indicate (hi! 
movements: and from time to time a great collective r-rv Vk i \ n 

Ak! Ah 1 which nil modulate and prolong ratenmnabjV h ' 

a at times the “sun dance” of the SIout *i L „ . _J , h : 


Ah . n ._ 

calls at time* the “win dance ’’ n f the Sioux and \™‘ t Jm ? rC ’ 

.h.«,Mtair i. w.„r s^rsas? 

tins uoot e+ 

i* msamlta. *b*n> Mr lanU-rt lb* icld .. ---. 

IjjiiMiR* *nd I«i.Iqjitrln 1 EiJIwJth Co. irwefa nnii.n u LiZ_. . it=ltc * a N*Uon»| 
I)*™** If. a wvbis aMrf - L» Tfanj* " , tiim ^ ln \'» ™»«-4 ■" th- *[*,„ of 
an r«r< *bp— * rfitrti of ihn K-imic, rortk«i*rtj vr», k„ . J*™wn~«id up [n 

up tmmenra- Wire* of UMB-twiiH, t^ dinwT,g 1 
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Every day the festival and the ball aro Iwgun by a march toward 
the consecrated altars, one to the Holy Cross, the other to St. Jo. 
seph. 11 Tt must bo noticed (hat among the dancers five or six per¬ 
son ago; ure specially distinguished; the king; the queen, who is 
generally a little girl and the only person of her sex aIWed to take 
part in the ball; the grand master of ceremonies, called simply the 
master, who seems to fill the rfile of an outsider to the company, a 
kind of master charged wills calling to order and punishing, for very 
often he is furnished with a whip of several thongs, which he uses, 
sometimes to mark the step, sometimes to bent time, ami at other 
times to lash the dancers’ legs. Besides him there frisked about the 
fool, who, dressed in u fool's cap. carried an empty tattle surmounted 
hy ti potato rudely carved to represent a humnu head, or perhaps 
more often a carved coconut provided with a handle or a little doll. 
The down is for the purpose of omusing the public w ith liis buf¬ 
foonery, liis jokes, his grimaces, his ridiculous antics, but h« never 
makes his companions laugh. Sometimes the devil is also portrayed 

All these figures were well represented at Dinamitn, but one was 
lucking which I have seen at other places—death I At Ditiaiuita 
death was replaced by the old man. who after all symbolized the same 
thing, since old age is the beginning of the end. the preparation for 
the grave. The person who represents death or the ole] man often 
gives his hand to the fool, but pays no attention to his grimaces. 

It is certain that all this constitutes an ensemble which formerly 
{jointetl a moral, as in all of the ancient mysteries. All men. rich 
or poor, kings or plebeians, are subjects of the empire of the senses; 
they make us all more or less foolish, more or less ridiculous; but 
always death lies in wait for us, and always we have a master! 

fiver the bumble are flip jwwcrfiil; over rhe powerful, the king; 

Over tie kin*, th* cnirwiw; over ihe emperor, the fear 

Of a p!«i bora among his escort; 

And over all the Iniinite, the future, Uod, iteatk; 

Death, which for ouch, he ho weak or strong, 

Sudden! r opens (be sauce door • » ■ 

In the morning the dancers, led by the queen, move to the altar, 
dmiemg in two ranks, flunked by * Uw fool, the devil, and tins 
master, who to some extent play the part of clown. These are, 

I may repeat, die only persons whom one sees laughing at times. 
The others display only fdigious activity and fjtnoiistie or hieratic 
poses and signs. After a series of dances and prayers before the 
rustic altar, other ensemble figures are danced outside* but always at 
determined intervals they return toward the altar. 

^ ElftWhcir titan at Ilinn ml I ri, th* altar la mawffntft] mr$nt ufO'u to Sntre fa 

(ittaOrbupf, the patron saint of cir |* t hr uifiF, tminia at shi« rlLla^ | n whlth th* 

tm Cwl talus plaev. 

42S08*—-43 
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One fact will give an idea of the distinctly religious character of 
these celebrations, in no way carni videsquc in spite of the costumes 
and the burlesque aspect of the whole at the lirst glance. On the <Hh 
of May, 1$1S, the “ ball ” was at its height in Diuumita when, to¬ 
ward 4 o'clock in the afternoon, the priest asked me whether the time 
seemed to nit* suitable for the bend lie t ion of the graveyard, which 
was supposed to take place on that day. 1 agreed that it was, and 
with the priest, preceded by the sexton trntl followed by about 50 
people, we took the road to the cemetery, about Z kilometers away. 
While passing near the native village of Dinnmita, where the dances 
took place, our passage was noted and immediately the dancers of 
the two troupes ** Matuchlues 11 and ^Antlgtios " joined with US* to- 
gather with their musicians, and followed, dancing and gesticulating 
ns usual. The priest accepted their company, naturally and without 
the least notice, or, I should rather say, os something fating, as a 
pious net At the cemetery they made him sit on one of their two 
thrones: these consisted of rustic armchairs garlanded with ribbons, 
flowers, and leaves made of colored paper, anti they l>ent devout 
knees during the benedict ion of the tombs and of the ground destined 
for future burials. They accompanied mutely the litanies, the 
rosnrv. then they returned with us without stopping their dancing 
and without their presence causing the least scandal 

This ii i inr tn me. to demonstrate tlrnt these dances had a distinctly 
religious side. Traditionally, something of their freshness and of 
their early simplicity has undoubtedly been lost at obstacles on the 
journey iraveled during four centuries. Hut they hove nevertheless 
preserved n pagan element borrowed from the ancient myths of 
Mexico, together with the skillful gr:ifling-on done by the Catholic 
missionaries. It is a mixture of the Cross of the Saviour of the 
World, the basis, bond, ami symliol of the Christian religion, with 
the cross of Quetzalcootl, which represents the four winds or the 
four cosmogonic* suns of the Aztecs. Rut it is also, alas, the reflec¬ 
tion of a considerable part of the population of Mexico, Indian or 
half-breed* scmjpugan, Semi-Catholic, ignorant and fanatical among 
whotn the thin veneer of civilization, the very superficial civil iti- 
struction and the religions education consisting almost entirely of 
affectations and outward practices of a cult, scarcely conceal the 
ferocity of the Redskin, Ek*-si'ies the war dances or the semi- 
religious, semlprofane dunces of which I have just spoken atul which 
have a character more or 1e*« archaic. There are several others, wholly 
modern, which are popular in Mcxtrn: In the cool regions the 
the Dnjistm^ the Boleros, the Jotag, and in the tropical zone the 

Zapatfo. 

The Jamie consist* of a. series of steps made by n man and w oman. 
sometime* several couples, without touching each other, the man 
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drewed as * Mexican cavalier, the woman as a peasant of Pu^ltln 
fana Poblttna) or of Jalaps {Jdlapcna). The costume of tho 
man is generally of deerskin adorned with silver buttons, or black 
trousers with a decoration of little pieces or figures of metal on the 
outer seanj, n leather vest, white shirt, ml cravat, a wide felt som- 
broro embroidered in gold and silver, and often spurs with rowels 
as large as saucers, weighing half a kilogram each. The woman 
wore a white waist adorned with lace and edging, showing her throat 
and the upper part of her breast, anus bare, a woolen skirt red 
at the top and green below, reboso (scurf) of silk or cotton, accord¬ 
ing to the means of the dan cor, silk stockings, little shoes, and in her 
hair, n wiele tortoise-shell comb enriched with ornaments of gilded 
copper and artificial gums. r 

The orchestra is composed of the most diversified elements. We 
a* in it the chirmiwt in imitation of the Artec's, as wdl us drums 
which have no reason to envy the ancient UpauasUi or the hwkvtti 
ami all the strings! and wind instruments invented by human genius! 
with the exception of the bindsu and the bagpipe, unknown to the 
Indians or mo Creoles, 


Of course, when they did not have such n complete orchestra, the 
dancers contented themselves with a simple flute or wiLh a poor 
violin. But the spectators always accompanied the music by dap¬ 
ping their hands and singing more or less harmoniously 

As for the dancers they moved clumsily opposite one another, 
sometlines '’hanging places, sometimes turning in their own places, 
body rigid and arms behind them. J 

Sometimes the cavalier throws his sombrero between him and 
his companion, and both gesticulate nround it. After nil, their 
danee is reduced to keeping the step in time. 

especially m Oaxaca. They are charming when executed by tin- 
. panmrds. who have the rhythm of it in their blood, and who put 
nto thur play all the feeling, the lightness, urn] the grace of which 

^nrbfn" 5 . W lfc * COnfi ™d, US With tllC Juttllc, to 

ng the step, brat tins tune with an accompaniment of enstam-te 

, hc Joia ' £ mother dance imported from Spain, accompanied by 
gestures anti posts which are far from being in good taste, and seem 
to me more indecent than artistic. 

Ibe donsa is a kind of polka, which is interrupted at fixed inter- 
us $ dur mg which two couple? join hands and make a turn in time* 
then earh man takes his partner again or the partner of the second 
man. and begin? again. 

The Za paten is more interesting. It is truly a national dance, and 
consists of the following: Under a shed, they plat* a small movable 
floor, la tarima, around which the men group themselves; u guitar 
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player tunes his instrument, and soon there *kip onto the hoards four, 
six, or eight girls, wearing a flower in their hair. They dance to¬ 
gether, striking their heels strongly and in time to the music oa the 
boards of l& tarima* One of the mm Ijcgin^ a song, n kind of chant, 
or each improvises and sings his own verst 4 , always to the same tunc 
and with the drawling tone wMcli is heard everywhere in warm 
climates. These verses do not demand great efforts of the imagina¬ 
tion, ns may lift judged from the following lines, (>nc of the singers 
says, for example: 

Ifa nor\a t In the luldlt of the*? srtrH 
Appears to me like a rtnr+ a flower* n jewel. 

But Low utuJ shfl la on UUs beaut Ifni Kiimmer night 
Her heart Ih warm. her eyes are the ffUu. 

And one nf the bystanders responds; 

My two Larses are sick unlay, 

Bill the trtlincro produces line croj«i 
My fricml Jratu lirlnks nil of ihe brtimlr; 

1e Lh indeed nut very kind of him. 

And so together, the bystanders repeat the last verse, and another 
singer begins again. So need of rhyme nor of trsoiianre; the time 
suffices and iliat is. required to be only approximately exact. The 
bystanders applaud the best dancers and the most amusing singers: 
if anyone wishes to let one of the girls know' that she plea sec him 
while she dances, he takes off bis hat and puts it on her head. Often 
a dancer thus balances; n whole pyramid of sombreros to the great 
vexation of her less popular com pan ions. 

Thu ZapftfrQ ended, she return- them to their respective owners 
and receives a piei!e of money dr some trinket, Certain dancers dance 
the Ziiptftto in time to the music at the stime time untying with the 
points of their shoes the knots in a scarf placed on the ground. The 
dance Is eallod the Reha jo. The feat is difficult but if the dancer 
succeeds, she is enthusiastically applauded. 

When the people from the coast (JnrrocTw*) joined with the In¬ 
dian singers, their vetoes were fiiU of obscenity and words of 
double meaning. Tn the warm region, however, they are very free 
with words, anil without I he women being in t he Ica^offenJecL enor¬ 
mities may be Satd lief on? them, 

I have tried to retrace as accurately as possible the ancient balls 
and the present dances of Mexico. T Mieve tint it will be interest- 
inp to pn mom deeply into the subject ; ftL fi r <t by rv^nstitutjn -7 
th*» fttiricnt dunces in Mexico itself, aanidst chnmeteristk l,md- 
eeupefl. with the iwopk ml he country who have preserve] the tVBe of 
their incratora. This applies to that which relates to the p n J \ a 
for the modem dances, K may 1* said that then* are about a? m«n! 
of them as the* arc pronmss. not geography but eli ffia tk i n tZ 
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Mexican Republic. To give an exact idea of them, ns well us to 
represent the reconstitutions of the ancient dances, it would be neces- 
siiiy not only to take numerous motion pictures, but nlso to be sup. 
plied with a phonographic apparatus, to record the songs and the 
musical rhythms. This evidently requires time and patience but it 
litis been tried elsewhere. 

My friend, Louis tianne, the author of “Pare la Vfctoke” and of 
** L a Tzaritie," has done it or at least was planning to do it several 
years ago for certain of the French colonies. It would be extremely 
interesting for a country so rich from an ethnographical and archeo¬ 
logical point of view as Mexico, and I hope that this study may en¬ 
courage some one to try it. 
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From Left to Right: The Leader (a Musician', the Queen, the Fool, the 
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Plate 9. 
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The Jaraee in after an Illustration of that Period. 



A Phase of the Dance of the Somqretao. 
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It is easy for a man to leave his pictures to n public gallery after 
liis death. He knows that he is thus erecting to his memory one of 
the nuhlcrt and most enduring of monuments, uni I Unit he is insuring 
tin; beloved objects agniriK destruction. But for tin: living art lovet 
to part with liis treasures is hard indeed* A tiling of beauty Is a 
joy forever, and the longer we own it the closer it twines itself about 
our hearts. We all vcmemlw the story of Cardinal M^arin taking 
leave of his pictures. He was a passionate and discrim inn ting lover 
of art, and his great collection is still the chief glory of the Louvre. 
When told that lie must die, he had himself borne to his gallery, and 
there he took a last, tong, fond, lingering view uf each cherished pos- 
sc&nnn, parting from them all with an agonizing regret. He could 
.surrender earthly power and splendor with no great rrpining; but 
to part with the pictures that he loved m much tore ids heart* 

And so it is w ith every true lover of art. He is willing to (cud his 
pirtmw to the public, that others may share his joy for u time, 

* >l t iisionally, out uf a large number he will give one to some public 
gallery. But rarely indeed does Ite do more until forced by the hand, 
of death to yield them tip. The gift by Met Ralph Cross Johnson of 
34 choice old masters, to our Hafcional Gallery* has boon but seldom 
paralleled. 

These pictures have boon hung together in quo room, and they must 
be forever kept together as a memorial of suc h unexampled gener¬ 
osity- It is a collection rare for its even excellence. Both picture 
is a good and, indeed, a notable specimen of the master's stylo- Too 
often in our public galleries we sec work* of the great martens that 
nm unworthy of their brush, and which tend rather to prejudice the 
public against these great men, than to incite admiration. 

In speaking of these pictures I do not write as an expert on at¬ 
tributions, Mr. Johnson's collection has Long been one of the most 
notable in the country, anil has been sufficiently expertized. To be 
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tm expert in attributions one must have a knowledge ot the weaving 
of canvas in different ages and countries, of the growth and structure 
of woods in various lands, of the idiosyncrasies of artists in the paint- 
i„,r 0 f cars and finger* and other nomssentialB, in short, of a thou- 
wind details which i do not possess. It is a science demanding the 
studv of n lifetime, and not a very exact one if we may judge JV 
the incessant controversies among its greatest exponents; and too 
often ttie experts kfiujj to losu all feeling for the* beauty o t c P 1 ^ 
turn, and to insider them as ool<fly as if they were insects to * 
classified. I shall accept the attributions given: and, after all Jhey 
are not so important. for the work of art is the thing, regnn ess 

of its origin. , . , 

First in time, and to my heart always first in importance, is tne 

Italian school. „ _ r 

A fow years ago our people hnd scant appreciation of the Italian 
primitives. When Jarvis brought over his extensive collection lie 
found no purchaser, and what would to-day make his fortune proved 
his min. The larger part is now the pride of late University, 
while the remainder draws visitors from distant lands to the Cleve¬ 
land Museum; but Jarvis had to let them go for debt, Nmv, thanks 
chiefly to the influence and example of the lute John <x. Johnson, of 
Philadelphia, Italian primitives are eagerly sought, trnd single pic- 
iutcs In the J nr vis collection would probably bring as much as he 
received for the whole. 

One of i he most delicious of tho Italian primitives is Hast in no 
Maimtrdi. best known by his beautiful and gracious fresco of the 
Madonna della Cintolrt in the Baroncelli Chapel in Santa Croce at 
Florence, depicting the Madonna dropping her girdle to the adoring 
disciples ns she is borne to heaven by choiring angels. 

Mninnrdi continued to paint until 1513, and witnessed the revolu¬ 
tion in art wrought by the genius of Leonardo, Michelangelo, and 
"Raphael; but the achievements of those supreme musters inflected 
him not nt all, and io the last he continued to paint in the old sweet 
primitive way of the early Florentines. 

Mr Johnson has given iln one of his most delightful and charac¬ 
teristic pictures. It is a charming work in a marvelous state of 
p reserve fW®h as when it rumo from the master's ensel. The 
beautiful Mother, clothed in a robe of brilliant red with dark blue 
embroidered mantle, holds the infant Christ on her lap, while with 
the other bund she caresses the infant John the Baptist, whose hands 
lire clasped In adoration as he panes upon the divine child. Jesus 
lifts hie little hands in blessing, while un angel bearing annuncia¬ 
tion lifiw > s looking on. To the left there is u, Florentine landscape. 
This pietiiro is probably the original from which the larger and 
m yre pretentious work in the Louvre was evolved. In repeating a 
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composition, artist,- usually add to it other figures. Seldom do they 
proceed by way of subtraction. Therefore the simpler composition 
is usually the first, Certainly this b the liner of the two, bettor pre¬ 
served. richer in color, mote united in composition. 

The school of the Marches produced no painter of the very first 
rank, though some of the works of Francesco Francia. sudi as the 
Tic til in London, the Deposition from the Cross at Forma, the An¬ 
nunciation in the Brora, ant] the Mndonna of the Rose Garden at 
Munich, are among the most precious things in all the rang© of art. 
The dry-as-dfist critic who can not appreciate their ineffable charm 
is sarelj to be pitied. 


Francesco had several sons who devoted themselves to painting 
chief of whom was Giacomo Francia. The Marriage of St Cath- 

€ ™ e .? l w , ! tjhnsojl ™ Uwti « ia one of his most delightful works. 
Both the Madonna and the St. Catherine are beautiful, especially the 
biter, a highborn maiden with features of Grecian regularity and 
wearing a royal diadem upon her queenly head. She lifts U n her 
*3S?\ h ! ind to . the 9*^ Child, who is stretching forth the 
bacwiiunT 6, " ^ ?r ° Up * 3 St ‘ *>•!* and a landscape 

The Venetian k the most glorious of all the schools of painting. 
In tluit branch of art it maintains the incontestable supremacy that 
Athens holds in sculpture; and among its masters there h none 
passed of a more compelling charm than Lorenzo Lotto. There 
is scarcely anything on earth more beautiful than his Holy Family 
at Vienna, certainly no tiling more exquisite and refined. And hun¬ 
dreds of years before Gainsborough painted his Blue Boy, Lotto in 
this picture refuted still more triumphantly the dictum ofSir Joshua 
itcyimJds tliat blue w uS a cold color that should be relegated to the 
less important parts of tin? canvas, and used only to enhance the 
effect of the warmer hues. If it is over admissible In speakir.- of 
one art to use the language of another, this must be called the incom¬ 
parable symphony in blue. 

But. while Lotto painted many lovely religious pictures, he was 
perhaps even more distinguished in the art of portraiture. When 
men liar© achieved success and have become rich and prosperous a 
pardonable pride leads to a desire to transmit their lineaments to 
posterity; and the Venetian nobles had every reason to be proud 
They had raised upon the mud banks of the Adriatic a dream of 
imperishable beauty; they had attained the hegemony In the world's 
commerce, so that the wealth of the Orient was poured info their 
eitys lap: and in a thousand desperate struggles on land and se-i 
they had built up a splendid empire. Their favorite painter was 
Titian, who depicted them as they loved to appear, calm, serene, fur- 
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seeing, their brows crowned with the turnsole of aiicces-*, masters of 
theiiiidves and of their fate. 

With this grand official style the portraits of Ixircnzo Lotto have 
little in common. .Vs Van Dyck gave to all bis sitters an aristocratic 
elegance, so Lotto gives to his u romantic sad ness. One of the most 
haunting of all portraits is the Man with the Claw at Vienna. There 
is perhaps in no other male face so much refinement and delicacy 
combined with so wistful a melnnehofy. It to not surprising that in 
the rearrangement of the Brent a whole room is given up to portraits 
by Lotto; and diene are few rooms that are so liatinting- 
The Lotto in the "Ralph Cress Johnson collection represents u 
Venetian senator, jl man in middle life, clothed in the black garments 
which Spanish fanaticism had forced upon the color-1 uving Italians, 
and with a black hat You ran see that he was born to great posi¬ 
tion,, that he is calm* self-possessed,, yet a little weary of it ill; that 
the lesson of Solomon that all is vanity has iu.it been lost upon his 
soul. has tried to paint one of the official portraits in the style 

of Titian, and has made a splendid masterpiece; hut despite himself, 
something of his own romantic fulness has crept im 

Thu most Striking of the Italian pictures is I be large portrait of a 
cardinal by Titian- Here we haw a man somewhat past middle 
life, seated at a table on which to a, cover of rich damask. Before 
him lies on open book, from which he has just looked up. His face, 
with its hollow cheeks and deeply sunken eyes, is that of a man ac¬ 
customed to rule, a man of affairs and yet a scholar; and it to ap¬ 
parent that greatness has brought no joy. The dark crimson rol 
which he wears and the cup of that color, are so deep in their rich 
tones, that only on a bright day can we realize their full splendor. 
This 13 one of the grandest portraits in America. ©fjt|*% remarkable 
for the force of characterization and the consummate technique. 

It is a far cry from the great ago of Titian and Lotto to the days 
of Francesco Guardi. Venetian art had flowered and died, and was 
enjoying a brief revival at the hands of Tiepolo and Canaletto. Two 
masters could not be further removed than these; Tiepolo with his 
sketchy, impnwFriuniftic treatment, his vague outlines, Ids brilliant 
colon?, and hto exuberant imagination: Canaletto with his photo¬ 
graphic accuracy* his dear-cut lines, his gray tones and his un¬ 
flinching realism- Guardi was the pupil nf the hitter, and in most 
of hb works cloeely adhered to hto masters style, though with some¬ 
what more of freedom and with somewhat richer tints. 

In thto collection there are two large and notable pictures by 
Guardi. Gne wprcsenls the church of Are Coeli and the Capitol 
ut Bnme. Thto to ^ery like a Canaletto, and to a characteristic ex¬ 
ample of Guardi s usual style at its best. In the other, a landscape 
showing ruins with figures, he surpasses himself, and borrows from 
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us contemporary Tiepolo something of his sketchy treatment and 
hnllmnt color. Tt is (ho ioo*l delightful work fay'this muster that 
I have ever seen. Evidently he w !ls proud of it himself and conscious 
tlmt from its unusual etyle it might be attributed to another; for upon 

im * l3lie * tcmeS k'' tos his full mime, Fraii^co (innnil 

in wrgie letters in the form of a high rdj e f. 

Paesiiig now to the northern schools, we find Hint Mr, Johnson 
il<lB lMd « )e fio-od taste to love those Dulclunen who went to Italy, 
and got there the preference for beautiful forms and faces while 
preserving their admirable Dutch twkaiguu. i have never been able 
to understand the prejudice thai exists against these men, When 
the painters of other country go to Italy and learn there the secret 
of eternal beauty, as did Pouffe and t laufle Lorraine, everybody 
l ommaids them. But let a Dutchman or n Fleming before Reuben* 
go to Italy and learn the same secret, he is treated as o renegade 
am! ;i traitor, and no language is strong enough Id voice the critic*' 
condemnation. To me these Italianate Dutchmen and Flemings, with 
their marvelous skill and care in painting and their beautiful Italian 
types, ale among the meet delightful of painters. 

Foremost among these were Bernard van Orlev nnd Govaert 
ilindL 

In Mr. Johnson’s collection is a Madonna and Child l> v van Orlev 
Both are beautiful. The child holds on appU in his'hand. T|',e 
background is a lovely and highly varied landscape with mnuntaius 
in the distance. t hi the left we. see soldiers sucking a large mansion, 
murdering the men and pursuing the fleeing women, who have im 
chance of escape. It is war. On the left Is peac*. Peasant* am at 
wurk in the holds, while soldiers march by in the splendor of their 
acfoutretiients. 


It srem* to me that in these days when it b the fashion to sacrifice 
all details to the general effect, we lose more than we gain. One 
at a glance all that there is in a picture, and unless it has a eom- 
pelhpg charm, it soon wearies us. But these early masters with their 
wealth of detail are inexhaustible. No matter how often we return 
to them, we find something new, and soonr interest never flags. 

(mvaert Hincfea picture Is simpler. It presents only a bean- 
nful Madonna holding the divine infant, who atop* nursing for a 
moment to look at the spectator. The types are Italian, the ml- 
mi rat de execution is Dutch. 


It seems to ine that as a technician Rembrandt is the supreme moa- 
ter. He can paint in more styles than any other, and he is equally 
proficient in all, from the most photographic precision of infinite 
detail to the broadest effects, li, » equally skilled in the manipu- 
iation of gluwung color and of richest monochrome that yet gives 
the impression of splendid color. And fib pigments have suffered 
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nn apparent deterioration. \\ e have seen Whistler in his nocttirnes 
imil other painters reproduce for u time the luminous shadirws of 
Kemhntjidfc; but we have also seen tlieso wdeks gmw upnfpte and 
muddy, mocked by the chiBgelr^ perfection of the incomparable 
muster, Had Rembrandt the sense of beautiful form that 

iiuirjicterizod the Greeks and Raphael and Titian, he would have 
Uu j n the greatest of painters* Even with tills limitation, he remains 
without n superior. 

In smart circles the^e days it is the fashion to exalt Velasques above 
Rembrandt, I he Spaniard is undoubtedly u mighty nmsler of the 
brush; but his cold and apparently eontemptuun^ aloofness, pre¬ 
senting the outward lineaments of Ids sitters with unsurpassjfcble 
velocity while almost ignoring their souk, ranks him far below Lhe 
.sympathetic and dwfMStxung Reiubnuidt, whu comprehends and de¬ 
picts every emotion from the gentlest and sweetest to the fiercest and 
must turbulent. 

The element in a portrait that most interests the ordinary beholder 
!s the character portrayed. Ordinarily the young have little char¬ 
acter in their faces; but with advancing yours the result of all the 
good and evil that men have done and thought becomes etched upon 
their lineaments in lines which the discerning eye can read jis in sn 
open book. Therefore, Rembrandt, t3in supreme master in the de¬ 
picting of character, loved particularly the faces of the aged* and 
he makes them tell m all their secrets* Raphael and Titian and 
Velasquez were wonderful painters of portraits; but to my mind 
Rembrandt was the greatest of them all. 

In Mr. Johnsons collect bn there is the splendid portrait of a 
rather young and ha fulsome man, clothed in black with a broad* 
brimmed black felt hut and a broad white collar fringed with lace. 
Be is evidently a gentleman of wealth and refinement. and he is 
pointed with the admirable precision of Rembrandt's earlier style 
hefere he be*« absorbed in th* study of light, and when his %ur*s 
emerge mysteriously from luminous shadows. A truer or more vital 
portrait it would lie hard to find. 


Whil* Jienibrajick us fadU prmeepa am<mg the pnftftnj of Ifol- 
Ijmd. Uit school bad tii many splendid masters of portraiture that 
it is bird u. choose umonxiUem. B.,t it seems to me t! tat after 
Kediiiramlt none Nit-oJ aBS Aftes. I ft never induW ft 

any of the diz^y to&teof gen«us thut so mystified BembraodtWm 

temporaries. Hi§ feet are always planted firmh Tn rii - * L > ' 

eartbt but his absolute fidelity ft nature and his' im^bft ^h 
aiq* rank him among the great painters of portraits. * * L ~ 

One of the finest collections of nicturra ft ^ " 

lb.t of Mr. llaito P. Tuft. „f SZ* r™** <■ 

.0o,™a with . ouoiber of ponruiu of the E^^,,"^ 


JOKKSOS IIOUJOIOS—ROSE. . 


6S5 

eighteenth century, marvels of s*tIc, dignity, and aristocratic bear¬ 
ing* But he 1ms made the mistake of placing in their midst a mag- 

nitiwnt Ihitch portrait- — by KinolsiL’i Mae?, if 1 remember nj»ti < 1 tv _ 

mid when we turn from llisit living presentation of the net mil man 
to the English portraits, they seem to lose nil vitality, and to be not 
men, but pictures of men. 

By Kjcolmts Mai's there is in the Johnson collection n wonderful 
portrait colled The Burgomaster. TV]| ether he is u burgomaster or 
one of the dominating clergy of the time. 1 out not say. Certainly 
he ts n man used to command and quite satisfied with himself. Large, 
stout, florid, with tile top of bis head bald, but with long, gray hair 
growing out at the side mid falling to his shoulders, with slight miis- 
taehe and imperial, ho is the ideal of the successful elderly gentle¬ 
man, who looks with entire satisfaction on his post and with serene 
confidence to the future. But how unstable Is human fortune! At 
London in the National Gallery, there is another portrait of Lhe same 
man. signed and dated just one year later, haggard, with flabby 
cheeks, broken in body and souL Sometime in that brief year the 
heavy hand of Fate was laid upon him with crushing force. * 

It ie strange how indifferent our American collectors have ken to 
Rubens. It is impossible to make any list of the world's half dozen 
greatest painters that would nol include his name. He is as great 
ns Rembrandt. let, while we have upon our shores more than a 
fourth of the masterpieces of die mighty Dutchman, the worthy 
examples of Rubens in our country could probably be counted upon 
die fingers of a single hand. 

Yet on© would Uiink that Rubens would particularly appeal to our 
generation. In the old days genius was defined as an infinite c:i pacify 
for taking pains. Leonardo worked four years on the Mona Lisa, 
and still deemed it unfinished, Titian kept "his pictures in his studio 
for an average of five years. These days, however, the supreme de¬ 
sideratum of the artist is economy of labor. The man who can 
paint a picture with tine fewest strokes of the brush is hailed by 
artists as their chief, and proclaimed by critics »s the worthy disciple 
of Velisqu^ 

In point of fact, these slap dash masters of our day find no justi¬ 
fication in the practice of the great Spaniard. lie whs a slow and 
careful workman, who produced comparatively few pictures, less than 
one fourth n» many as Rembrandt, not one tenth ns tunny ns Ruben*, 
fie painted usually with such perfection of finish that no brush 
mark remains, and we have no idea how the marvel was wrought 
His pictures are equally satisfying whether we look at them from & 
distance or close at hand. We do not have to cross the room to see 
them, as with our modern artists who exult themselves in hi* name 
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Wlien it ffitnes to true economy uf labor, no other painter can 
approach linkup The primitive stud many modems put into n 
picture numerous dcttkLh? which can lie seen only on close m.qiretioTt, 
jiiiil which nre hr>t when we stand far enough away to grasp the pic¬ 
ture a $ a whole* Many of mir eontemporartes, perhaps ti majority, 
including nil of tlmsc who are most praised by the smart critics* omil 
countless detail which would Lc dearly apparent to one standing at 
the point of .sight, Rubens a Iona never falls into either of these 
errors. He wastes no time in depicting things which we should not 
see when fur enough away to view the picture in its entiretv H ami he 
omits nothing that could lie seen at that distance. 

He is the lord <if life. His pictures are sometimes gross and sensmd, 
but they an exuberant vitality unequaled in the realm of 

jtri, or* for that matter* in nature, for his men and women eeern nm-ro 
alive Hum the living beings who stand before them. In depicting 
the satiny sheen of palpitating flesh he knows no rival. He is the 
rcur-t brilliant of all colorists, ami time seems to have no power to 
dim tins immortal luster of Lti> hues* 

That so supreme a master should be inadequately represented in 
America is greatly to be regretted. We are therefore peculiarly for¬ 
tunate in possessing Mr* Johnson's splendid Rubens, It h a beau- 
tif il| Mmlotma nurgingtho infant LlirLsL whom St, Elizabeth watches 
with nipt devotion, while khitid, St, Joseph lifts his hand with a 
proi> ting gesture. The St. Elizitbeth is a portrait of Rubens's 
splendid mother, uric of (be grandest of women. The Madonna h 
fidl but not gross, and her neck and bosom are painted with the 
glowing feh tints that Rubens alone knew how to render. Ap¬ 
parently it was painted about the same time as the Descent from the 
Cross at Antwerp. 

But it is the English school that i 8 most fully represented in this 
remarkable collection, particularly the ,rreat portrait painters of the 
eighteenth and early nineteenth centuries. 

This is one of the noblest of all the schools of portraiture, and it 
" us fori unate in the subjects which it hurl to depict, So one can 
doubt that the aristocracy of Enpluad is the finest aristocracy in the 
world. Their rigoroua life in the oi»n air has mnde them strong and 
tjill and graceful. The respect end loyalty with which the common 
people have generally treated them lends to their countenance i 
aerene nobility of exprossum, ■ Of coutk, there art exceptions but 

tal “” “* *" * fV'' nJi ' J Hr ot Ml nod women ’ v„ 

And will. who. dignity .nd dogno. 
great musters! N* doubt the- stylo of You Dyck h /! 1 ™ u * 1£ f* 
Sh thin Sir Anthony h«d p.ioM oil *>J» 

of the Kngiiind of hie dot. Hi.£*^2= 
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3in English mansion. The painter who cauie after him knew that his 
works would be hung beside Van Dyi k’s portraits, m aristocratic, eg 
elegant, so full of style; and ho fdt that he must not derogate from 
their high standard. 

By general consent >ir Joshua Reynolds is placed at the head of 
the English schooL I^robably ho deserved it, but his colors have so 
often faded and dulled that as matters really stand to-day his pre¬ 
eminent is no longer incontestable. 

When he pronounced the eulogy cm Gainsl trough* after the lat¬ 
ter s death, he said that Gainsborough was the greatest uf all English 
landscape painters; and Richard Wilson, piqued, perhaps, that he 
hinmdf should have l*ven assigned to an inferior rank in his chosen 
field, exclaimed “And the greatest pciitmit [as inter, ton/' 

I confess that I aim inclined to Wilson^ opinion. Certainly when 
wo cum pure Reynolds** theatrical Mrs. Sidrfnns n* the Tragic Muse 
with the wonderful portrait of that marvelous woman by Gnins- 
iHimughj sn refined, so keenly intelligent, sn vitally alive, that hangs 
in the London National Gallery* Sir Joshua appears indeed a poor 
second, JBut Reynolds is not often so insincere, and Gainsborough 
perhaps never again reached to such a height, so that the question of 
preeminence m not eu*y to decide. 

In the Johnson collecEion Sir Joshua is represented by two fine 
examples, . Lhe Duchess of An raster and Viscount Hill, both handsome 
young aristocrats, painted witli admirable skill an-l allowing none 
of that deterioration too common in his pictures, 

Gainsborough is still better represented. 

The portrait pf Lord M nigra ve, dressed as a naval officer, Is one uf 
his most important works* A large* iUstingiUidieddoofeixig man in 
bine coat and white waistcoat, he stands out with intense vitality 
against a ml curtain. while to the left we see a far-reaching and de¬ 
lightful English landscape. 

Though he made his living painting portraits, Gainsborough was, 
at heart, a painter of landscapes; and whenever he could escape from 
the drudgery of portraiture, he sallied forth into the woods and 
fields, to depict the beauties of nature. Here he is n supreme mas¬ 
ter „ as he is in portraiture. Unhappily he was compelled to paint 
these truant masterpieces rapidly, putting on one coat before its pre¬ 
decessor was entirely dry, so th*i they have tracked more than his 
portraits; but they are very beautiful and supremely attractive, fn 
this one we have fine tree*, between which is a splendid view of an 
externdve prospect bathed in the glow of sunset, the whole redolent 
with the charm of the English countryside. At the door of tin hum¬ 
ble thatched cottage stands a most beautiful and aristocratic woman 
evidently one of Giiinsborauglvs most distinguished sitters. She is 
supposed to be the mother of the four children about her, who, how- 
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ever, are evidently drawn from peasant models. Gainsborough 
painted no more notable landscape, few larger, certainly none finer, 
none sujxsrior in composition nr richer in color. 

One of the best of the English landscape pa inters was the cider 
David Cos, He loved the gracious landscapes of his native hind 
with all his heart, and reproduced them with the greatest cere, 
usually lit water colof, He js here ropi^sontod by :i very ' !i iriicter- 
wtic work, The Outskirts of u Wood in Autumn, The tree* un- 
St tidied with admiral de. fidelity to nature, and with such attention 
to detail that each leaf ran he counted. 


It is the fashion these days rather to depreciate Sir Thomas Law¬ 
rence, but T am unable to share that view. Hr was the spoiled child 
of fortune, courted jdike by men and women. Sometimes, over¬ 
whelmed fry commissions and distracted by social pleasures, his work 
is superficial imd insinrere; but at hia best he ia worthy to stand be- 
sido tlie great masters of portraiture, and he is so often at his best 
that his failures may be ignored. 


THs doubtful whether tiny fine save Lord Byron ever hnd n more 
intense appreciation ..f the beauty of women. They loved Sir 
Thonnif, and be loved them perhaps overmuch' hut to this intense 
fee] in £ for woman's charms we owe some of the most delmbtfnl 
portraits ever painted. 

Of Sir Tiiomns we have two splendid examples. Lord Aberrant, 
:i hiphdinm gentleman of refined and commanding presence, some¬ 
what past middle life, stands out alive against a red curtain, while 
Mrs. dowry ■- ihe ideal of English beauty, with perfect und bigft- 
bred features that would be faultless in a c*moo, but whose loveliness 
is enhanced by brilliant color, large blue eves and rich chestnut hair 
She represents the English aristocracy in its supremo perfection, 

Romney was one of the most elegant ami refined of English paint¬ 
ers. though his infatuation for Lady Hamilton, of whonThe painted 
innumerable portrait?, was perfiaps ns injurious to his art a- to his 
moral?. He is shown in a faultless portrait of Sir Sampson Wright 
a stout squire in n red coat. 

But the gem of the British portraits Ls the work of the Scotchman 
Km:burn. He Ims given us the living presentment of his frieivl 
Archibald Skirviitg, who was n painter and a poet In neither 
capacity did ho attain distinction, hut the putmiit of high ideals 
gave toltt face a rare refinement and intelligence. He is growing 
old and the gray locks are thin, but age has brought only a awceter 
an, a saner outlook on life. A more ddightfni portrait of an elder v 
an<l scholarly gentleman was never made, and we cun see that lie 
t ion guided the brush to this admirable result. 1 
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We should have begun our notice of the British painters of this 
prtmp wkb Hogarth, the first nnd one of the greatest of them all. 
He was among the notable revolutionists. At a time when art haul 
hreomn over-refined nnd sugarsweet. when Watteau ami Boucher 
ruled the hour, he turned from their exquisite but unrest! creations 
to u strung, sane realism. He wrought in England a revolution us 
frreal us that which David wrought in France, but on a more ondur- 
iug basis. David sought to turn buck the hands of time, and to make 
Romans of uh all; and by the force of his powerful genius he suc¬ 
ceeded for u while. But a conception so fundamentally false could 
not long endure, and though, David can never lie forgotten, his in- 
fluents is now negligible. 

Hogarth, nit the other hand, is the strong rock on which modern 
art has been built. In painting he is like Bach in music, the some¬ 
what austere master at whose feet all have sat. In libs own days 
it was Us satires on the vices of society to which he owed his greatest 
fame. Now it is his admirable portrait--, so realistic, so vitally alive 
that interest us must. 

One of his finest portraits is here; Mrs. Price, an alert, intelligent, 
high-bred woman, with head proudly erect, sure of herself and of her 
position, dressed in blue, and painted with n marvelous realism. 

Among the greatest of the painters of classic landscape is Richard 
Wilson. To the sense of distance and the ineffable pence of Claude 
Lorraine, he adds the mellow afternoon light of Albert Cnyp or the 
splendid sunset glow of Jan Both. His pictures are poems in color. 
There are two of them here. The smaller and less important is in 
his more usual style. It depicts a landscape through which flows 
» river spanned by u bridge of Svo graceful arches, the whole bathed 
in the sunlight of h serene afternoon. The other is an unusual pic¬ 
ture, and one of the most notable that Wilson ever painted. Jt is 
one of hia largest landscapes. It presents a fur-reaching prospect 
suffused by a splendid sunset glow. It i s truly a symphony in gold 
and golden brow n. 

To my mind the greatest of all painters of landscape is Turn er . 
Others may equal him in various aspects of his art, hut none caii 
compare with him in his variety. He comes nearer the universality 
of Shakespeare than any other landscape painter. He began with a 
painstaking realism equal to Constable's. Then lie dared to rival 
Claude Lorraine, and in his Crossing the Brook, Child Harold's 
lhlgr image, and the works inspired by the glories and decline of 
Cartilage, he liecamc a worthy competitor of that supreme master of 
classic landscape when- over scenes of idea] beauty and illimitable 
spaciousness there broods a celestial peace. Then light and air’fas- 
4isos'—-14 
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cinated Ttinier, and he presented their glories and their mystery 
with n splendor that makes the l#esl of the imprest list? srem cheap, 
and, as was tilting, lie passed into another world when in this be 
had cessed to see anything save the blinding glory of light. Tn each 
aspect of his art he is without a superior, and in tbo breadth of his 
achievement he is without a rival. Compared with him, how phi* 
fully narrow seem the great landscapists of France! When we have 
seen one Umisseau, one Daubigny, one Diaz, one Corot* we recognize 
die others at a glance; but Turner is limited only by nature's infinite 
variety. 

The last painting in date in this remarkable collection is a view 
of Edinhoro by Turner, one of his latest works, when his pictures 
bad become dreams of light and (dr. The castle is there and the 
palace; but what we @ee is a dream of golden light 
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